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ABSTRACT
This study examined habitat-mediated differences in the population structure of two 
species of stream molluscs, the Louisiana pearl-shell mussel, Margaritifera hembeli. a 
protected species, and Elimia semicarinata. a pleurocerid gastropod. In 19911 
located Margaritifera hembeli in a drainage system where it was previously unknown, 
and describe here the distribution of M* hembeli in the Bayou Rigolette drainage in 
Grant Parish, Louisiana. The mussel was limited to small second- and third-order 
lotic systems. Of several physicochemical and habitat parameters, specific 
conductance, Ca+2 concentration, sediment particle size, sediment compaction and 
channel width were most important in explaining abundance. Substratum stability was 
also important, indicating mussels may be susceptible to spate events. Mussel 
densities and size distributions varied among stream sites, with evidence of recent 
recruitment at only half the sites. Growth rates differed by a factor of three among 
study sites, leading to minimum estimates of longevity between 25 to 80 years. 
Growth-rate differences caused allometric and shell-morphology differences among 
populations as well. For the gastropod Elimia semicarinata. a riverine prosobranch 
from north-central Kentucky, population density and size structure were also 
dependent upon mircrohabitat differences. Densities were always greater in 
vegetation beds than in non-vegetated areas, irrespective of flow regime, and snails 
were smaller as well, suggesting density dependence. Snails were also smaller in 
lotic than in lentic unvegetated areas, suggesting greater bioenergetic costs to snail 
growth in areas of high flow. These differences were maintained even though
colonization experiments suggested high migration rates among habitats. Experiments 
with flow-reducing baffles suggested snails could orient to flow refugia. Finally, a 
grazer-manipulation experiment suggested that Elimia semicarinata does not reduce 
periphytion biomass, even in lotic habitats that have reduced abundance of periphyton. 
Overall, these results suggest that lotic snails and bivalves have complicated 
population structures which are dependent upon biotic (density) and abiotic (current 
velocity, substratum stability) factors, and management strategies must take these 
habitat-specific differences into account.
CHAPTER I 
INTRODUCTION
1
INTRODUCTION
In recent years, efforts to preserve North American freshwater molluscs have 
been singled out by several authors as the single most important conservation problem 
in the United States (Williams et al. 1992, Neves 1994). Freshwater molluscan 
biodiversity on the North American continent is amongst the highest in the world 
(Burch 1989), and this is especially true for freshwater Unionacean mussels (Burch 
1973). There are 297 species of freshwater unionids found in Canada and the United 
States, but most of the diversity is concentrated in the southeastern United States 
(Williams et al. 1992). The same is also true of freshwater gastropods; of the nearly 
500 species found in the United States, most are located in the southeastern section of 
the United States (Burch 1989). Currently, of the 297 species of freshwater unionid 
bivalves found in the United States, nearly 72% (213 species) are considered 
endangered, threatened, or of special concern (Williams et al. 1992). Current 
information for freshwater gastropods is very limited, but at least 150 species (30%) 
are considered to be of special concern (Neves 1994). Because the percentages of 
imperiled species are high (especially for unionids), these groups are among the most 
threatened of all zoological taxa.
Surprisingly however, little specific quantitative information on basic 
environmental requirements of these species has been collected (Brown 1991, 
McMahon 1991). This investigation focuses on determining the ecological factors that
are important to the distribution of stream-dwelling molluscs in the southeastern 
United States. As models I use Margaritifera hembeli (Conrad), a threatened unionid 
found only in three central Louisiana drainages, and Elimia semicarinata (Say), a 
pleurocerid gastropod common to first-fourth-order-streams in north-central Kentucky 
and southern Indiana (Mancini 1978).
I use several methods to quantify which habitat factors best predict abundance 
and the population ecology of these two aquatic molluscs. The majority of this study 
focuses on M- hembeli. and uses systematic sampling of mussels and habitat- 
description methods to predict preferred habitats. Specifically, I measured several 
physicochemical parameters as well as physical habitat parameters to assess their 
ability to predict mussel abundance. Also, I studied variation in mussel densities, age 
distributions, growth rate, age spans, and allometric relationships among populations.
Microhabitat differences in the population structure of the pleurocerid 
gastropod E. semicarinata were also studied in detail. Specifically, I was interested in 
whether density dependence, current velocity, periphyton abundance, and habitat- 
selection behavior were important in affecting gastropod abundance and size 
distributions. Several experiments were performed to determine whether differences 
were due to habitat-specific colonization, orientation to flow refugia, or grazer 
limitation of resource (periphyton) abundance. As these experiments and sampling 
surveys indicate, the population ecology of stream-dwelling molluscs is highly 
dependent upon several key habitat characteristics, which differ with each species.
CHAPTER H
THE DISTRIBUTION AND HABITAT REQUIREMENTS OF 
THE LOUISIANA PEARL-SHELL MUSSEL, Margaritifera hembeli
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INTRODUCTION
Currently there is considerable interest (Schemske et al. 1994, Mangel and 
Tier 1994, Doak and Mills 1994) in understanding why endangered species have 
restricted ranges and small population sizes. In most cases, however, there is little 
understanding of what factors limit the range or the abundances of these species, and 
this is certainly the case for most endangered unionid species (McMahon 1991). In 
this chapter, I map the distribution of an endangered mussel, and explore some of the 
habitat factors that may be limiting factors in the distribution of the mussel 
Margaritifera hembeli (Conrad).
Margaritifera hembeli. the Louisiana pearl-shell mussel, was placed on the 
United States Fish and Wildlife Service (USFWS) Endangered Species List (Species 
Number - 53 R 3567) in February of 1988, following an extensive survey of 39 
stream sites in the Bayou Boeuf and Bayou Rapides drainages in central Louisiana. 
The Louisiana Natural Heritage Program (LNHP) survey found the mussel in only 11 
stream sites, which were primarily located on United States Forest Serivce (USFS) 
property (Kisatchie National Forest - Evangeline District) (USFWS 1988). These 
stream sites in Rapides Parish were believed to comprise the entire distribution of the 
species until work by myself and the LNHP in October 1991 expanded the 
distribution to include the Bayou Rigolette drainage of Grant Parish (USFWS 1992). 
These new sites were located primarily on or near USFS property (Kisatchie National 
Forest - Catahoula District). As a result of this action, the status of Margaritifera 
hembeli was downlisted to threatened in October of 1993.
The Louisiana pearl-shell is a member of superfamily Unioniacea, family 
Margaritiferidae, and in North America the family has five species in two separate 
genera (Margaritifera and Cumberlandia. Burch 1973). The margaritiferids are 
considered to be very primitive unionids because they lack completely formed siphons 
and use all four demibranchs as repositories for glochidial development (Smith 1988). 
Worldwide there are 9 known species of margaritiferids, most of which are 
circumpolar in distribution, ranging from the Ukraine across Europe and North 
America into Japan and south-east Asia. All members of the genus Margaritifera 
have a maritime distribution, usually located within 250 km of open sea. The 
spectacle case (Cumberlandia monodonta) is the only margaritiferid with a distribution 
limited to inland systems [Cumberland, Tennessee, Ohio, and Meramec Rivers 
(Cummings and Mayer 1992)]. The Louisiana pearl-shell was originally described in 
1838 by Conrad as Unio hembeli. and was subsequently placed in the genus Maraeon 
by Lea (1870), in Margaritana by Simpson (1900), and finally in Margaritifera by 
Atheam (1970). At that time, the Louisiana and Alabama pearl shell mussel were 
considered the same species, but the Alabama pearl shell (Margaritifera marrianael 
was subsequently elevated to species status based upon morphological and anatomical 
comparisons (Johnson 1983).
A large body of published literature exists for the European and North 
American pearl shell, Margaritifera margaritifera. (Jungbluth, et al. 1985), and as a 
result, much is known of its biology. However, even with this wealth of information 
about M. margaritifera in the literature, little quantitative information about
abundance and habitat inter-relationships is available (Strayer 1993). Most unionid 
mussel species have had only qualitative studies of habitat preference (Strayer and 
Ralley 1993). Indeed, only qualitative information has been collected for 
Margaritifera hembeli. which is considered to prefer soft, clear, slightly acidic water, 
and to occur in 30 to 60 cm in depth on stable sand or gravel substrata (USFWS, 
1988). In fact, only a few North American investigators (Tevesz and McCall 1979, 
Strayer 1981, Salmon and Green 1983, Holland-Bartels 1990, and Strayer 1993) have 
attempted to quantitatively interpret and predict preferred unionid habitat.
Adult M. hembeli dispersion patterns may be partially determined by host-fish 
distributions. Cross-polarized-microscopy data show some evidence of glocidial 
attachment to the gill filaments of Noturus phaeus. which is thus a potential host fish 
for M. hembeli (P. Johnson, unpub. data). Unfortunately, because of the endangered 
status of the mussel, extensive fish surveys could not be conducted, and specific 
relationships among host-fish and adult-mussel distribution patterns were difficult to 
determine. Additionally, the timing and amount of larval settlement are difficult to 
assess because of the minute size of the glochidia ( < 8 0  fxm) (Smith 1988). At 
several dates during the early winter, (reported to be the reproductive season of M- 
hembeli T.Smith 1988), I also attempted to induce glochidial abortion by placing 
fecund individuals in serontonin solutions, but was unsuccessful. The specific 
interactions with host fish, timing of glochidial settlement, and resultant effects on 
adult densities should certainly be examined in future studies as more successful 
methods become available to determine if active recruitment is occurring, and how it
in turn affects adult-mussel densities. However, adult M* hembeli were often 
observed moving about, and in two separate instances, entire beds moved within a 
stream, leading me to believe adult mussels demonstrate the capability to select 
specific microhabitats.
The main purpose of this investigation was therefore to collect quantitative 
data on the habitat characteristics of adult Margaritifera hembeli in order to predict 
microhabitat conditions favored by the mussel. In order to accomplish this goal, data 
were collected at several streams in mussel and mussel-free areas. Habitat descriptor 
variables believed to be instrumental to the survival of mussels (Salmon and Green 
1983) in smaller drainages were measured (water depth, channel width, current 
velocity, sediment particle size, sediment compaction, sediment organic content and 
several physicochemical variables related to water quality). Additionally, since many 
of these newly discovered study sites occurred in the Bayou Rigolette drainage, a 
complete description of the species’ distribution in this drainage is also provided. 
Finally, by using qualitative information on habitat characteristics collected during the 
sampling survey, along with other sources (Darden 1988), I determine if my habitat 
analysis supports previously predicted habitat preferences.
I am interested in the following hypotheses regarding the distribution and 
relative abundances of mussels in these small heterotrophic stream systems. The first 
null hypothesis is that mussel abundance and distribution cannot be predicted by 
differences in water-quality parameters among and within drainages. This hypothesis 
was tested by examining several water-quality variables between stream sites where
mussel beds did or did not occur, or across stream drainages. The second null 
hypothesis was that the presence of adult mussels cannot be predicted by several 
microhabitat variables. This hypothesis was tested by examining the relationship of 
mussel density to several habitat variables using a multivariate technique in a 
systematic sampling program conducted in several of the streams.
Studv-Site Descriptions
The distribution of Margaritifera hembeli is limited to second-order (e.g. , 
streams with at least one tributary emptying into them), headwater systems which 
drain into the Red River in Grant and Rapides Parishes, Louisiana. I established the 
existence of M* hembeli populations in Grant Parish, in October of 1991 (USFWS 
1992), whereas viable populations were previously known only at 11 stream sites in 
central Rapides Parish (USFWS 1988). Most of the Grant parish populations are 
within the boundaries of the Catahoula Ranger District of the Kisatchie National 
Forest. However, one study site in this investigation, Loving Creek in the Bayou 
Bouef drainage, is located in the Evangeline Ranger District in Rapides Parish and 
was examined for comparison. Bayou Rigolette drains a total area of 664 km2 in 
western Grant and southern Winn Parishes (Sloss 1971). In northwestern Grant 
Parish the headwater region of Bayou Rigolette is impounded, forming a 20.9 ha. 
reservoir (Lake Iatt, Fig. 2.1). Within the Bayou Rigolette system there are four 
separate drainages where JM. hembeli populations occur. These newly discovered 
Grant Parish populations are the primary focus of this study.
The Black Creek drainage (31° 39’ N, 92° 37* W) is the northernmost 
drainage and contains five streams (Glady Hollow, Beaver Creek, Clear Branch, 
Cypress Creek, and Swafford Creek, Fig. 2.1). The Black Creek system drains an 
area of 39.5 km2 and empties into Iatt Lake. Three Branches Creek (31° 34’ N, and 
92° 34’ W) was chosen as a control stream for this study, because of the lack of any 
populations of M. hembeli. and is south of the Black Creek drainage (Fig. 2.1). 
Although Three Branches Creek has a small drainage area (12.5 km2, Sloss 1971), it 
does seem to have habitats that are suitable for M. hembeli. Three Branches Creek 
drains directly into the southern section of Lake Iatt (Fig. 2.1).
The Gray Creek drainage (31° 30’N, and 92° 36’ W), the second newly 
discovered area with M- hembeli. enters Bayou Rigolette several km downstream of 
Three Branches Creek (Fig. 2.1). Gray Creek and its three tributaries (Cress Creek, 
Chandler Creek, and Jordan Creek) form a sizeable drainage area of 50.2 km2 (Sloss 
1971). The final two drainages with newly discovered populations of M* hembeli are 
James Branch and Hudson Creek (31° 24’ N, and 92° 35’ W) which together drain 
an area of 23.7 km2 (Sloss 1971, Fig. 2.1). The Hudson Creek drainage has three 
tributaries (Coleman Branch, Moccasin Branch, and Frazier Creek).
Within these drainages (excluding Three Branches Creek), M. hembeli occurs 
in small second- and third-order systems. In these headwater areas, the substratum is 
dominated by loose sand, but regular outcroppings of cobble and gravel also occur. 
The channels are narrow (width <  5 m) and shallow (depth <  45 cm), with an
11
35° 03'
Block Creek
Swafford Creek
Clear Branch
Three Branches Creek
Cress Creek Jordan Creek
Gray Creek
Coleman Branch
Moccasin Branch
Hudson Creek
2 Ion
Figure 2.1. Map of the Bayou Rigolette drainage in the Catahoula Ranger District of 
the Kisatche National Forest, Louisiana. Inset shows the approximate drainage 
location in Grant and Rapides parishes in central Louisiana.
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approximate riffle-to-pool ratio of 3:1 in surface area. Stream gradients (calculated 
from 7.5’ topographic maps) are 4 - 3 m drop per km stream distance in head-water 
areas, and decrease to approximately 1.5 m per km in downstream sections.
Most riparian zones along these creeks are dominated by Baldcypress 
(Taxodium distichum). American Beech (Tagus grandifoliaL Black Tupelo (Nvssa 
svlvatica). Southern Magnolia (Magnolia grandifloral. and Long Leaf Pine (Pinus 
palustris). Most of the stream sites are surrounded by old secondary or primary 
growth forest, but adjacent clear-cutting activities are common. However, 
agricultural development in the area is generally limited to modest livestock 
production, at only a few sites.
METHODS
Mussel Distribution
In order to identify specific sites within the Bayou Rigolette drainage that 
contain mussels, each stream was first surveyed at bridge crossings. At each 
crossing, a stream distance of approximately 250 m upstream and downstream of the 
bridge was examined. If a particular stream had multiple crossings, every crossing 
was checked. Mussel presence (or absence) was noted for each site, and the presence 
of additional mussel species was recorded. Once specific drainages containing M. 
hembeli were identified (Fig.2.1), the entire stream was searched for mussels.
Stream systems examined in this fashion were usually located on federal property, 
because special permission was required to examine streams on private property. 
However, private landowners usually allowed streambeds on their property to be
13
searched as well. Only one stream in all Bayou Rigolette drainages was not examined 
in such an extensive manner, but the bridge crossings were examined (Swafford 
Creek). When mussel beds (defined as greater than 20 individuals in 5 m of stream 
bed) were located, trees adjacent to the stream channel were marked with tags, and 
the position noted on maps (Figures 2.2, 2.3, and 2.4). Approximately 140 km of 
total stream bed distance was examined in this fashion.
Water-Oualitv Measurements
The possibility that physicochemical factors affected mussel abundances was 
examined in two statistical analyses. In the first analysis, physicochemical variables 
were monitored in four streams that contained mussel populations. Separate sampling 
stations were located at mussel and mussel-free areas in each stream. Water-quality 
data were collected six times (at 4 month intervals) over a 24-month period (July,
1992 through July, 1994). In the second analysis, data collected near mussel beds in 
each of the four streams were contrasted to a monitoring station established in a 
stream that contained no mussels (Three Branches Creek). Beaver Creek, Jordan 
Creek, James Branch and Loving Creek were the mussel sites. The control site was 
again within a drainage that contained mussels, suggesting dispersal was not the 
limiting factor. Water-quality data for the second analysis were collected sporadically 
on nine different dates over an 18 month period (from July 1992 to February 1994). 
For both data sets, temperature (°C), dissolved oxygen (mg/1), specific conductivity 
(mS/cm), pH, and redox (mV) measurements were recorded with a Hydrolab ® 
Surveyor 3 electronic water-quality monitor. Total hardness (mg/1) was determined
14
with a Hach 9  kit. Because the Hydrolab 9 was equipped with a broad range 
conductance probe (all of these sites had very low conductance values), specific 
conductivity was estimated by dividing the recorded values by a correction factor of 
10.
Ca+2 concentrations in both mussel bed and mussel-free areas, and at the 
control drainage (Three Branches Creek), were determined on a single date in January 
1995. Ca+2 ion concentrations were determined by inductively coupled plasma 
spectrophotometry, and the data are reported in mg I'1. Ion concentrations at mussel 
versus mussel-free sites were analyzed with a t-test to determine if differences 
occurred among study sites.
To compare water chemistry variables between mussel and mussel-free 
locations at each of the 4 different stream sites (e.g., the first analysis), a 2-way 
ANOVA (2 stations x 4 streams) was performed for temperature, dissolved oxygen, 
conductivity, pH, redox, and total hardness (Proc GLM, SAS 1985). In the second 
analysis, water chemistry variables were contrasted between the four mussel beds and 
the control stream with a 1-way ANOVA for temperature, dissolved oxygen, 
conductivity, pH, redox, and total hardness. The pH values were anti-log 
transformed to the base H+ concentrations before performing the ANOVAs. In both 
analyses, when ANOVAs suggested significant differences, a Tukey’s a posteriori test 
was used to determine differences among means (P < 0.05). Tukey’s § posteriori 
test is a conservative test that generally has higher Type II error rate (SAS 1985).
Mussel Microhabitat Determination
Once channels containing Marearitifera hembeli were identified, the following 
sampling scheme was developed to determine microhabitat distributions. At six 
different stream sites in five separate drainages, a 1-km long section of channel 
known to contain M* hembeli was selected haphazardly. Beginning at the 
downstream point and at every subsequent 100-m increment, the following parameters 
were measured: channel width, mean channel depth, geometric mean sediment size, 
percent organic content of sediment, mean sediment compaction, and mussel density. 
Channel width was measured at base flow. Mean-channel depth was calculated from 
five equidistant measurements across the stream channel. At each location where 
channel depth had been measured, current velocity (cm's'1) was also recorded with a 
Montedoro-Whitney Model PVM-2A current meter, 2.5 cm above the substratum.
For determining geometric-mean particle size and percent-organic content, a single 
core sample ( »  100 cm3) was collected from the channel center and brought back to 
the laboratory. The core sample was then dried and sifted through a series of 
standardized sieves (Buchanan 1984) and the contents of each sieve weighed. Sieve 
sizes of 4 mm, 2 mm, 1 mm, 0.5 mm, 0.25 mm, 0.125 mm, 0.062 mm, and a 
receiver pan were labeled 1 - 8  consecutively, and the percent of sediment retained in 
each sieve number of the core sample was recorded. The geometric mean of these 
weight fractions was my index of sediment particle size. A smaller geometric mean 
thus indicates most sediment particles were trapped in the larger mesh of the first few 
sieves, and thus sediment size was inversely proportional to this index. The sieved
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core sample was then reconstituted, and a small aliquot (approximately 8 cm3) was 
taken from the remixed core. The aliquot was ashed for 24 hours at 550°C, and 
percent organic content calculated. Mean-sediment compaction was measured with a 
Lang® penetrometer (a spring tension instrument which gives larger readings in 
cobble sediments). Measurements were taken at four approximately equidistant 
locations across the channel. Mussel densities were then estimated by systematically 
placing a 0.25 m2 quadrat at four predetermined distances from the channel margin 
(further details of the density-sampling protocol are given in Chapter 3).
After all the systematic-sampling data were collected for the channel, the 
sampling protocol was repeated, in precisely the same fashion, inside mussel beds 
located within the same 1-km stretch of stream (but not intersecting the systematic 
sampling points). Density measurements in mussel bed areas were necessary because 
the 100-m habitat sampling intervals rarely fell on mussel-bed locations. Because of 
the characteristically high positioning of M- hembeli in the substrate, mussels were 
easily located by visual examination. I again defined a mussel bed as a cluster of at 
least 20 individuals spread over 5-m long section of channel. For each stream, 11 
systematic sampling sites were thus visited along the 1-km transect, with at least five 
additional (minimum) sets of density transects collected from the mussel-bed locations 
(total n 16 per site). This habitat analysis was replicated in Beaver Creek in the 
Black Creek drainage (Fig. 2.2), Jordan and Cress creeks in the Gray Creek drainage 
(Fig. 2.3), the James Branch drainage, and Loving Creek in the Bayou Bouef 
drainage in Rapides Parish.
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The relationship of mussel density to the above habitat parameters was 
illustrated with a Canonical Discriminant Analysis (Proc FACTOR, SAS 1985). 
Discriminant Analysis constructs linear functions (Discriminant Functions) of the 
original independent variables (channel width, etc.) which best separate the classes 
(e.g. , mussel abundance groupings) in a discriminant space. For this analysis, mussel 
density data (summed over all quadrats) were grouped into three classes for each 
sampling location: none (no mussels present within the transect quadrats), rare (up to 
3 individuals), and common (more than 3 individuals present). All density estimiates 
were standardized to 1 m2. Because three class levels were used in the analysis, two 
Discriminant Functions were generated. This discriminant model thus used 77 
observations of six different independent variables to attempt to separate the three 
density groupings. Discriminant Analysis also allows one to estimate the relative 
predictive power of each of the original independent microhabitat variables, by 
comparing the values of their respective, standardized-discriminant coefficients.
Wilk’s X is a statistic that judges the success of the Discriminant Analysis in 
separating the three abundance groups (smaller values indicate greater success). 
Separation of the groups can be visualized by plotting their centroids along the 
Discriminant Axes to form a "discriminant space" (see Fig. 2.5). Before the analysis 
was attempted, normality of all independent variables was examined (Proc 
UNIVARIATE, SAS 1985), and two variables, geometric-mean particle size and 
current velocity, were log,, transformed. After transformation, all independent 
variables met normality assumptions.
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Substrate Stability
In order to examine the effects of stream-bottom stability on mussel 
abundance, substratum stability through time was estimated in a separate analysis 
through the use of channel-bottom profiles. The cross section of the bottom (e.g. , 
depth profile), at a site with a mussel bed in Loving Creek, James Branch, and Jordan 
Creek was plotted from a level line held above the water surface. After a period of 
one year, the profiles were re-measured. While any individual spate can easily alter 
the topography of these predominatly sandy-bottomed streams, long-term-stability 
relationships (e.g. , at least one year) are more relevant to these long-lived mussels 
(see discussion in Chapter 3). The percent change in stream depth at each point 
inside the mussel bed area was compared to those depths outside the bed with a t-test 
to determine if substrate stability differed.
RESULTS
Mussel Distribution
The general locations of mussel beds are indicated in Figures 2.2, 2.3, and
2.4, for each drainage. The Black Creek drainage (Fig. 2.2) had M*. hembeli 
populations in five of its six constituent streams. The mussel beds were nearly 
monospecific, with other mussel species (Villosa lineosa. Fusconaia flava. and 
Uniomerus tetralasmusl occurring infrequently, and at extremely low densities. 
However, most of these M- hembeli populations were also small (number of 
individuals seen < 50), with the exception of the Beaver Creek site, where 
approximately 6,000 individuals were observed. The Gray Creek drainage (Fig. 2.3),
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in comparison, had sizeable mussel populations (>  500) in three of the four streams. 
The Jordan Creek site had the largest beds of all sites in this drainage. The James 
Branch and Hudson Creek drainages (Fig. 2.4) had some mussels present in all 
stream systems. The largest beds in this drainage occurred at the James Branch site. 
More detailed observations on mussel abundance and shell size distributions are 
presented in Chaper 3. Without exception, mussel beds occurred only in second- and 
third-order streams in these drainage systems. As a drainage system increased in 
size, the likelihood of M*. hembeli populations being present became less likely. On 
the other hand, first-order streams rarely contain enough flow to have established 
mussel populations.
Qualitative observations taken from mussel beds during the survey portion of 
this study gave some indication of microhabitat variables important for M- hembeli. 
For example, in beds with more than 50 individuals, current velocity was greater than 
25 cm s'1 approximately 75 percent of the time, versus only 53 percent of the time 
where small beds occurred. Additionally, 85 percent of mussel beds occurred in 
water less than 30 cm deep. Most mussel beds ( = 9 0  percent) were located in 
channels between 2 and 4 m wide. As would be expected, mussel-bed length showed 
a relationship with mussel abundance, with large beds generally longer (about 16 m) 
than smaller beds (about 10 m). Most beds (both small and large) generally had a 
large, centrally located cluster of mussels with scattered individuals occurring above 
and below the main bed.
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35° 03*
Black Creek
Glady Hollow
Beaver Creek
Swafford Creek
Clear Branch
l k m
Cypress■ Creek
Figure 2.2. Map of the Black Creek drainage showing all secondary drainages, 
approximate locations of mussel beds, and estimated bed density. Open circles 
indicate low density mussel beds (n <  50 individuals) and solid circles indicate high 
density beds (n >  50).
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31° 40*
Cress Creek
Chandler Creek
Jordan Creek
Gray Creek
1 km
Figure 2.3. Map of the Gray Creek drainage showing all secondary drainages, 
approximate locations of mussel beds, and estimated bed density. Open circles 
indicate low density mussel beds (n <  50 individuals) and solid circles indicate high 
density beds (n >  50).
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Moccasin Branch
Coleman Branch
H udson Creek
Jam es Branch
Hudson Creek
Bayou Rigolette
lk m
Figure 2.4. Map of the Hudson Creek/James Branch drainages showing all secondary 
drainages, approximate locations of mussel beds, and estimated bed density. Open 
circles indicate low density beds (n <  50 individuals) and solid circles indicate high 
density beds (n >  50).
23
Water-Oualitv Variables
The two-way ANOVA (contrasting water-quality differences between mussel- 
bed and control stations at four stream sites) indicated that none of the water- 
chemistry variables were significantly different between mussel and mussel-free 
stations (Table 2.1). However, pH and specific conductance were significantly 
different among study streams. The Tukey a posteriori test indicated 3 different 
levels for both variables. Stream pH was highest at Loving Creek (6.13 ±  0.10, 
mean ±  SE), and lowest at Beaver Creek (5.56 ±  0.08), with James Branch and 
Jordan Creek having intermediate levels of 6.10 ±  0.16 and 5.76 ±  0.10, 
respectively. Tukey’s a posteriori tests revealed that the Loving Creek and James 
Branch sites were significantly different from the Jordan Creek and Beaver Creek 
sites. Specific conductance was significantly greater at James Branch (0.045 ±
0.005) followed by intermediate levels at Beaver Creek (0.037 ±  0.010) and Jordan 
Creek (0.031 ±  0.010), with Loving Creek (0.030 ±  0.007) having the lowest 
values. Tukey’s a posteriori tests revealed that only Loving Creek had significantly 
lower levels than the other three sites. All other variables examined, including 
dissolved oxygen, temperature, and redox potential, showed no significant differences 
between the control and mussel sites.
Ca+2 ion concentrations ranged from 1.04 - 2.37 mg I’1 across study sites, but 
concentrations at mussel bed areas (mean ±  S.E. = 1.85 ±  0.10) were not greater 
than control locations (1.63 ±  0.24) (t = 0.956, P =  0.05, df = 14). However, the 
lowest values (1.04 mg/1) occured at the stream without mussels (Three Branches).
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Table 2.1. Results of two-way ANOVAs (mussel presence or absence vs. 4 stream 
sites) for selected physicochemical variables. The degrees of freedom 
(df), mean squares (MS), and associated significance levels (P) are 
given for each treatment effect.
Variable Source of
Variation df MS E
Temperature, °C Treatments 47 14.14
Stream 3 3.03 0.90
Station 1 0.07 0.95
Stream x Station 3 0.15 0.99
Error 40 16.38
Dissolved Oxygen, mg/1 Treatments 47 1.09
Stream 3 1.06 0.45
Station 1 0.20 0.68
Stream x Station 3 0.03 0.99
Error 40 1.19
Specific Conductance, Treatments 47 0.01
mS/cm Stream 3 0.04 0.0001
Station 1 0.01 0.79
Stream x Station 3 0.01 0.99
Error 40 0.01
Total Hardness, mg/1 Treatments 39 0.81
Stream 3 1.02 0.15
Station 1 0.22 0.25
Stream x Station 3 0.02 0.02
Error 32 0.88
pH Treatments 47 3.0 x 1013
Stream 3 6.6 x 10>3 0.0001
Station 1 1.2 x 1012 0.65
Stream x Station 3 3.1 x 1012 0.67
Error 47 4.7 x 1012
Redox, mV Treatments 47 7686
Stream 3 2780 0.32
Station 1 1026 0.12
Stream x Station 3 964 0.11
Error 47 8725
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The results of the one-way ANOVAs, which again contrasted the same water- 
chemistry variables between the four mussel-bed sites and the one control-stream site, 
also suggested differences in specific conductance and total hardness among sites 
(Table 2.2). The Tukey’s a posteriori test for specific conductance suggested three 
different groupings with James Branch having a significantly higher mean (.047 ±  
0.003) than the three mussel sites in the next category, with Three Branches Creek 
again significantly lower (mean of .027 ±  0.001). Total hardness levels were also 
significantly lower at the control site (6.06 ±  0.22), with Loving and Beaver Creeks 
at the intermediate level, and Jordan Creek and James Branch at significantly higher 
levels, with means equal to 8.62 ±  0.28 and 8.75 ±  0.32 respectively.
Microhabitat Selection
The Canonical Discriminant Analysis was successful at separating the three 
mussel-abundance categories in the microhabitat-selection study (Wilks’ X =  0.71, P 
=  0.02, Table 2.3). The first Discriminant Function, which separated mussel from 
mussel-free locations (Fig. 2.5) explained over 80% of the variation among groups, 
and mean values for each habitat parameter are given in Table 2.4. For the first 
Discriminant Function, the original habitat parameters which had greater standardized 
discriminant coefficients were channel width, mean particle size, sediment 
compaction, and channel depth. Specifically, both channel width and sediment 
compaction were positively associated with mussel densities (Table 2.3).
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Table 2.2. Results of one-way ANOVAs on water chemistry variables for streams 
with mussel beds versus a control stream in the Bayou Rigolette 
drainage. The degrees of freedom (df), mean squares (MS), and 
associated probabilities (P) are given for each treatment effect.
Variable Source of
Variation df MS E
Temperature, °C Treatment 44 26.07
Stream 4 1.68 0.99
Error 40 28.50
Dissolved Oxygen, mg/1 Treatment 44 1.95
Stream 4 0.20 0.98
Error 40 2.12
Conductance, mS/cm Treatment 44 0.01
Stream 4 0.03 0.0001
Error 40 0.01
pH Treatment 44 2.5 x 10n
Stream 4 5.9 x 10'° 0.44
Error 40 7.5 x 10'°
Redox, mV Treatment 44 6489
Stream 4 3314 0.74
Error 40 6807
Total Hardness, mg/1 Treatment 39 1.59
Stream 4 9.73 0.0001
Error 35 0.66
Table 2.3. Standardized discriminant coefficients for both discriminant functions, along with Wilks X, its significance, 
and the proportion of the variation among the three mussel abundance categories explained by each 
discriminant function.
Standardized Coefficients
Proportion 
of Variation
Channel
Width
Mean
Particle
Size
% Sediment 
Organic 
Content
Sediment
Compaction
Current
Velocity
Channel
Depth
83% .53 -.42 .10 .60 -.01 -.38
17% .23 .53 -.54 .81 .07 .40
Wilks’ Lambda =  0.71
F =  2.1 
P =  0.02
to<!
Table 2.4.
No Mussel
Rare
Common
Mean ±  S.E. values, for each mussel abundance grouping and habitat parameter used in the Canonical 
Discriminant Analysis, (see text for appropriate units)
Channel Sediment % Organic Sediment Current Channel
Width fcml Size Content Compaction Velocity Depth
331.31 ±  10.43 7.63 ±  0.05 0.87 ±  0.18 2.43 ±  0.26 0.171 ±  0.026 20.27 ±  1.67
365.45 ±  18.06 7.48 ±  0.09 0.99 ±  0.30 4.15 ±  0.55 0.249 ±  0.05 17.86 ±  1.58
355.46 ±  29.00 7.25 ±  0.09 1.22 ±  0.21 4.06 ±  0.48 0.254 ±  0.07 12.96 ±  3.46
to
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Figure 2.S. Plot of the Canonical Discriminant Functions (1 and 2) and locations of 
the mussel abundance category centroids. The relative importance of original habitat 
variables in the separation of centroids is indicated with arrows (SOC =  % sediment 
organic content, DG =  geometric mean particle diameter, PTM =  penetrometer 
readings of sediment compaction, width =  channel width, depth =  channel depth, cv 
=  current velocity).
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The negative relationship of mean-sieve-number index to mussel density (Table 
2.3) again indicates (see Methods) that mussel density and mean sediment size are 
positively correlated. Mussel density was also weakly, but positively associated with 
sediment organic content. Finally, two variables, current velocity and stream depth, 
were negatively related to the presence of mussels. Since the negative relationship for 
water depth was fairly strong (Table 2.3), mussels were more abundant in shallow 
areas within the streams. The negative relationship for current velocity was quite 
small, indicating flow was not as important in separating areas with and without 
mussels.
The second Discriminant Function, which separated areas with few mussels 
from those where mussels were common (Fig. 2.5), was successful in explaining 17% 
of the variation among mussel abundance groups (Table 2.3). The original variables 
which were most responsible for separating rare from common areas of mussel 
abundance were sediment compaction, sediment organic content, sediment size, and 
depth. Higher mussel abundance was related to increased levels of organic content, 
and increased sediment-particle size was again important in predicting high-density 
mussel areas (e.g., the high-density centroid occurs at small-sieve index numbers and 
large S.O.C. values, Fig. 2.5). Indeed, percent-sediment organic content differed 
greatly among the study sites (Fig. 2.6). Higher density beds were thus most 
common in more compacted sediment. Channel depth and width also showed smaller, 
positive relationships with higher mussel densities. However, depth was again more 
important than channel width in separating out rare from common mussel bed
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• Location
Figure 2.6. Histograms of mean (+  1 SE) percent sediment organic content, both 
inside and outside of mussel beds, for each study site.
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densities. The highest mussel densities thus occurred in channels that were slightly 
narrower, and shallower than sites with few mussels. Finally, current velocity was 
not important in separating rare from common mussel abundances, even though these 
headwater systems can have flows as high as 100 cm s*1.
Substrate Stability
Changes in channel profiles were again documented for four cross sections at 
three different stream sites. While the mean percent change in profile was always 
greater in the mussel-free portion of the channel, the difference was only significant 
for two of the four sites, Loving Creek site 1 (t = 1.8, P < 0.05, 18 df, see Fig.
2.7) and Loving Creek site 2 (/ =  2.8, P < 0.05, 15 DF).
DISCUSSION
Mussel Distribution
As was the case with previous investigations in other drainages (USFWS 
1988), M- hembeli was located in Bayou Rigolette only in the second-order 
headwaters. As with other margaritiferids, these mussels seemed to be most abundant 
in lotic waters with low productivity (Bauer 1988). The primary water source for 
these central Louisiana streams was ground water, and the channels were formed by a 
series of many small seeps, rather than a few spring sources. Stream flow increased 
downstream, as the streams cut deeper, exposing more seeps. My data suggest that 
these mussels were limited in their ability to colonize primary head-waters because of 
irregular or insufficent stream discharge. Once a stable discharge volume was 
established, mussels began to appear. Eventually, as the channel grew larger, M.
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Figure 2.7. Cross sectional plot of a stream bottom profile for Loving Creek (920 m) 
showing the change in the channel bottom over a one year period for mussel beds (M) 
and areas without mussels (t =  2.8, P <  0.05, 15 df) (see text for further 
explanation).
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hembeli began to occur sporadically, with only isolated, usually older individuals. 
Finally, when the channel became large enough, the M» hembeli disappeared 
completely, and the frequency of other mussel species also tended to increase.
The aggregation of M. hembeli into large beds has also been noted by other 
investigators (USFWS 1988), and the same phenomenon occurs for other 
margaritiferids as well (Stober 1972, Bauer 1986). It was not uncommon to find 
single beds that contain 200 individuals and a few that approach 2,000, and density 
estimates inside these beds could be quite high (see Chapter 3). Mussel beds were 
easily observed because of the generally high filtering posture characteristic of M. 
hembeli. The mussel’s posterior half usually protrudes several centimeters above the 
water-sediment interface. Marparitifera hembeli also has a wide valve gape (~ 7  mm) 
when filtering, presumably because of the lack of completely formed posterior siphons 
(Smith 1988). Additionally, the posterior-ventral edge and the opening of posterior 
siphons were usually oriented into the prevailing current.
Water Quality
Only a few water-quality parameters showed significant differences between 
the mussel-bed locations and the control sites. This is probably because the physical 
and chemical variation among streams was less than the variation within streams. For 
example, in all of these small streams, water temperature seemed sensitive to changes 
in ambient levels. Annual variation (3-25°C), and sometimes broad diurnal shifts (up 
to 7°in some cases, pers. obs.) therefore indicate a wide thermal tolerance for M. 
hembeli. Such a broad thermal range (e.g., 20°C) surpasses that recorded for M.
marparitifera (annual variation of 15 °C, Hruska 1992). However, the thermal 
tolerance of M- marrianae (Alabama pearl-shell) is probably similar to M- hembeli. 
because of similar latitudinal position. Similarly, dissolved oxygen concentration 
rarely fell below 75% saturation at any study site for this investigation, perhaps 
explaining a lack of any effect on mussels, and indicating that these stream systems 
are well oxygenated. European pearl mussels are also found only in systems with 
high oxygen saturation levels (>.75% , Bauer 1986). In fact, increased 
eutrophication of European rivers has caused a reduction in the species range (Young 
and Williams 1983, Bauer 1988). Finally, given the range of Redox values recorded 
among all mussel sites (202 - 496 mV), it is unlikely as well to be a limiting factor in 
the mussel’s distribution. We are unaware of previously published Redox values for 
other margaritiferid bivalves, but values recorded for M. marrianae (370 - 395 mV, 
Johnson unpub. data) are consistent with values recorded for M- hembeli.
Although several water-quality variables differed among stream sites (pH, 
conductance, water hardness, and Ca+2 concentration), the lack of divergence among 
mussel beds and mussel-free areas casts some doubt on the importance of water 
quality variables in determining the distribution of M* hembeli inside streams where 
they occur, although water chemistry may explain why they are absent in the control 
stream. In fact, most margaritiferids are known to occur in even softer, nutrient 
poor, often acidic waters (Bauer 1988). For example, European pearl mussel (M. 
margaritifera) populations located in southern Bohemia, southern France, Spain and 
Portugal occur in streams with mean pH values below 7 (range of 6.2 - 6.9, Bauer
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1986, Hruska 1992). On the other hand, streams with M. marrianae in southern 
Alabama have nearly neutral pH (7.1, Johnson unpub. data). The lower pH limit for 
M. marearitifera was determined by Heming et al. (1988) as 5.25. At this pH the 
mussels were able to maintain neutral mantle pH but experienced some Ca+2 loss. 
Certainly, more eutrophic waters will almost surely limit the presence of 
Marearitifera hembeli. The European data for M* marearitifera (Bauer 1986, Husrka 
1992) also indicate similar conductance values (e.g. ,58  - 85 fiS cm'1) to those 
recorded for this study. In contrast, conductance measurements for Alabama streams 
containing M. marrianae (P. Johnson, unpubl. data) were much greater than for those 
with M. hembeli. averaging .155 mS cm'1 (Johnson, unpub. data).
Additionally, low free-Ca+ concentration (1.5 - 5.0 mg I'1, Bauer 1986,
Hruska 1992) and total-hardness concentrations (8-19 mg I'1, Chesney 1993) are also 
common in the distribution of the European pearl-shell. In fact, I found range values 
for both Ca+2 (1.3 - 2.3 mg I'1) and total-hardness (3 - 10 mg I'1) to be lower in M. 
hembeli streams. Strayer (1993), using a stepwise Discriminant Analysis, found the 
only reliable predictor variable for M- marearitifera in New York and Pennsylvania 
lotic systems to be calcium content (but surprisingly with an inverse relationship, 
which was attributed to a positive relationship of calcium content and eutrophication). 
Where M* marearitifera occurs in hard, basic waters such as the River Nore in 
Ireland (pH =  8.2, Ca+2 =  90 mg I’1, total hardness =  245 mg I’1) or the Garonne 
river in France, shell ecophenotypes can result (M. m. durrovensis and M- m 
auricularia respectively, Chesney et al. 1993). While the range of Ca+2 found in this
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investigation is also similar to that recorded by Bauer (1986), with the limited 
replication (n =  1), of measurements in this study it is difficult to infer sustained 
longterm differences.
In summary, given that other investigations have reported margaritiferids to 
survive in waters with wide ranges of conductance, pH, and total hardness, and the 
relatively limited variation observed here between areas with and without mussels, I 
conclude that water quality is probably limited in predicting mussel abundance, within 
streams where mussels occur. However, it may be important across drainages in this 
region of the Red River, since several physicochemical variables were significantly 
different in the control drainage, Three Branches Creek. The fact that water-quality 
differences were relatively minor across the Bayou Rigollette drainage, also attests to 
the overall water quality.
Mussel-Habitat Distribution
The Canonical Discriminant Analysis was successful in differentiating which 
microhabitat parameters were most important in predicting mussel abundance in these 
streams. Additionally, many of the observed relationships with habitat variables 
investigated here have been previously noted in qualitative work with M. 
marearitifera (Jungbluth et al. 1985), and other margaritiferids (Stober 1972, Vannote 
and Minshall 1982). Finally, qualitative data gathered during the survey portion of 
this study supported the specific information determined by the microhabitat analysis.
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Sediment compaction and particle size proved to be the most important 
microhabitat variables in predicting mussel density. Margaritifera hembeli apparently 
survive better in substrata that have larger particle sizes and greater compaction, 
perhaps because individual mussels are less likely to be dislodged during spate events 
(Vannote and Minshall 1982). The particle-size selection is interesting in light of the 
fact that sediment composition varied greatly among sites. For example, in Beaver 
Creek and Cress Creek, there were only a limited number of cobble outcroppings 
available for mussel colonization. As a result, mussels in these streams often buried 
themselves among the dense root mats and "knees" of baldcypress (Taxodium 
distichuml trees (P. Johnson, pers. obs.). Although sediment compaction has not 
been directly measured by other investigators (Strayer 1993), it is probably correlated 
with increasing particle size in these stream systems. With the exception of well- 
packed clays, as sediment particle size becomes more heterogeneous, the force 
required to penetrate to a given depth should increase. A positive relationship 
between large sediment particle size and mussel abundance has also been noted for 
both M- margaritifera (Young and Williams 1983, Bauer 1986, Hruska 1992) and M- 
falcata (Stober 1972, Vannote and Minshall 1982). In fact, Vannote and Minshall 
(1982) noted a significant association between larger (older) mussels and increasing 
sediment size, arguing that as spates occurred over time, older mussels were swept 
into more stable cobble sediment patches. Such an extreme particle-size-density 
relationship for M* hembeli was not detected, probably because it is not possible in 
these systems that contain no particles larger than small cobble.
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Channel morphology was also important in predicting mussel abundance, with 
increasing width and decreasing depth most important. Other habitat analyses have 
also indicated stream size to be an important variable in predicting both mussel 
presence and diversity (Strayer 1983, Strayer and Ralley 1993). For example, 
Margaritifera spp. are known to occur in several types of systems (Bauer 1988), many 
of which are much larger than streams containing M* hembeli. Stober (1972) reports 
that M- falcata occurs in the Madison River in Montana, with beds measuring 26-m 
wide, and M- margaritifera is known to occur in fourth- and fifth-order-stream 
systems (Bauer 1988). However, streams containing M« marrianae are very similar in 
their size and width to those containing M- hembeli (P. Johnson, pers. obs.).
The qualitative data reported on the depth distribution of other Margaritifera 
spp. indicate that they also occur more frequently at shallow depths (<  1 m for M- 
margaritifera. [Bauer 1986] and between 0.5 - 0.8 m for M- falcata [Stober 1972]). 
Johnson (unpub. data) found M. marrianae at depths of 0.1 - 0.6 m in Alabama 
stream systems.
The increase in percent-sediment-organic content observed in the mussel beds 
was only marginally important in differentiating mussel localities overall, but was a 
strong indicator for high-density areas. That is, sediment-organic content had low 
importance in the first Discriminant Function, but was more important in separating 
rare from common mussel areas in the second Discriminant Function. The generally 
low readings indicate the limited detritus base available in these heterotrophic 
systems. However, the increased sediment-organic content in mussel beds may result
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from the activities of the mussels themselves. The mussels may produce pseudofeces 
(food trapped by mucus on the gills, but not ingested) which are deposited nearby, 
and over time raise the resident organic content.
Current velocity has been noted as an important habitat variable for other 
margaritiferids, although its value as a microhabitat predictor was poor in this 
investigation. Current velocity varied considerably in these streams, from 10 - 100 
cm s'1, while the mean velocity recorded inside mussel beds was «  25 cm s*1. Thus 
Margaritifera hembeli was rarely abundant in either stagnant or fast moving waters. 
Bauer (1986), on the other hand, found a preference for lotic areas by M. 
margaritifera in European systems. Similarly, Stober (1972) reported a current 
velocity range of 12-210 cm s'1 inside of current-scoured depressions where M. 
falcata generally occur. In these larger mountain systems, mussels may select such 
depressions as a disturbance refuge (Vannote and Minshall 1982). Current velocity 
may not be as important at these headwater sites because, while spate events can 
triple the normal discharge, the increase can be sustained for only a short time period.
This study also differs from of other investigations (Tevesz and McCall 1979, 
Strayer 1981, Holland-Bartels 1990, Strayer and Ralley, 1993) that suggest limited 
success of microhabitat descriptors in predicting mussel presence. Regardless of the 
relative importance of glochidia! settlement patterns, or host fish distributions, [which 
were not measured in this study and may also affect the distributions of mussels 
(Strayer and Ralley 1993)], I was still able to predict the occurrence of mussels. I 
thus feel confident that differences in microhabitat variables were important for the
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adult mussels. In fact, I frequently observed adult mussels moving along the stream 
bottom, and in two separate instances found that entire beds moved (Jordan Creek, 
James Branch), suggesting that adults can move between microhabitats. M. hembeli 
probably migrates because of the highly ephemeral nature of these small systems, 
where a spate can silt out, or alter the prevailing direction of flow over a mussel bed. 
Collectively, these observations suggest that active microhabitat selection by adult M. 
hembeli is an important mechanism determining the distribution of this species.
However, there is still the possibility that the mussel distribution is influenced 
by juvenile settlement. Adult mussels could even passively induce nearby recruitment 
by offering food to fish hosts, or by being in food-rich areas that attract potential fish 
hosts. These streams are predominately sandy-bottomed, and macrobenthic 
invertebrate abundance is usually very low (<  5 individuals per m2) (P. Johnson, 
pers. obs.). Interestingly, mussel beds in other systems have been shown to increase 
macrobenthic invertebrate diversity and density (Beckett et al., 1994). Indeed, 
Margaritifera hembeli often had plecopterans (Paraenetina sp., Allocapnia sp.), 
ephemeropterans (Heptagenia sp.), coleopterans (Ectopria sp.) and assorted 
chironomids associated with the posterior-ventral margin (P. Johnson, pers. obs.). It 
is possible that the host fish (probably Noturus phaeusl might forage inside mussel 
beds where macroinvertebrate abundance was higher than surrounding areas. 
Additionally, since most beds occurred within cobble substrata, the larger substratum
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sizes may also provide additional macroinvertebrate habitat. Substratum differences 
have often been shown to affect macroinvertebrate density and diversity in stream 
habitats (Johnson, Brown, and Covell 1994), and it is possible that these patches of 
invertebrate biomass attract benthic feeding fishes, stimulating juvenile mussel 
recruitment.
Substratum Stability
Alluvial processes, though rarely measured, have been shown to impact mussel 
-bed location and mussel-size distributions in some studies (Stober 1972, Vannote and 
Minshall 1982). Strayer and Ralley (1993) called for more emphasis on fluvial 
geomorphology. Our channel-stability data also suggest site permanence to be 
important in predicting mussel abundance. In fact, several control-channel plots (3) 
without mussels were eliminated from the study after the reference posts washed out 
over the one-year interval between measurements, suggesting these small channels can 
change morphology abruptly during sustained spate events. My results thus suggest 
that M. hembeli is either actively selecting, or survives better in, sections of the 
channel which are more stable over longer time intervals. On the other hand, it is 
also possible that these animals could stabilize sediment because of their presence. 
These mussels often occur at very high densities (up to 312 individuals m'2, Chapter 
3), and such high densities might themselves stabilize sediments.
Summary
I failed to reject the first null hypothesis, that M. hembeli distributions within 
or across drainages were not determined by differences in water-quality parameters.
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While some water-chemisty variables (specifically pH and conductance) may vary 
across stream sites, no significant differences were detected between mussel beds and 
mussel-free areas. However, the variation recorded in water-quality measurements 
among drainages suggests that differences seen in total hardness, specific 
conductance, and pH across drainages could be explain why mussels are absent in 
some drainages. While good water quality is vital to most freshwater unionids 
(Williams et al., 1992), the variation in the few water-quality parameters measured 
indicated only pH and specific conductivity were related to M- hembeli distribution.
The second null hypothesis, that M- hembeli abundance is unrelated to stream 
microhabitats, was rejected. Margaritifera hembeli populations increase in second- 
and third-order streams which have wide channels, shallow depth, large sediment 
particle size, increased compaction, and greater stability. As these stream systems 
become larger, the mussels usually disappear completely.
My data thus provide a clear description of the habitat preferences of M. 
hembeli. will be an important consideration when re-introduction of the mussel to new 
stream drainages is considered. Less suitable habitats include pools, deep channels 
with u-shaped bottoms, silty sediments, and areas where stream morphology is 
unpredictable through time.
CHAPTER HI
INTRASPECIFIC VARIATION IN THE POPULATION ECOLOGY 
OF THE LOUISIANA PEARL-SHELL MUSSEL, Margaritifera hembeli
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INTRODUCTION
Conservation of rare and endangered species has recently received a great deal 
of attention (Schemske et al. 1994, Mangel and Tier 1994). Strategies have usually 
involved two specific approaches, those that consider maintaining genetic variation of 
greatest importance (Falk 1992), or those that consider populations that are large 
enough to withstand ecological threats to be able to tolerate a loss of genetic variation 
as well (Gottlieb 1973). For example, some studies suggest that survival requires 
maintaining a few large, stable populations (Lande and Barrowclough 1987), while 
others suggest genetic variation determines population growth and size (Leberg 1993). 
The two approaches are not mutually exclusive, and nearly all conservation biologists 
agree on the need for basic demographic information as a necessary first step to 
determine population stability (Schemske et al. 1994). Organisms whose biology 
poses unique conservation problems, for example fragile-life history stages, further 
complicate both the ecological and genetic approaches (Schemske et al. 1994). 
Freshwater unionid mussels are an example of such unique conservation challenges, 
because populations are often sub-divided into small, isolated drainages.
Because of unique life-history requirements, unionid persistence is not 
assured by simply maintaining large or genetically diverse populations (see discussion 
in Chapter 2). Nonetheless, having basic information on population ecology is an 
important first step in conservation, and in this study I investigate the densities, 
population size structure, growth, morphometries, and life-spans of several 
populations of the Louisiana pearl shell mussel, Margaritifera hembeli (Conrad).
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I am interested in the following two hypotheses regarding the population 
structure of Margaritifera hembeli. and how populations vary over several stream 
systems in the Bayou Rigolette and Bayou Boeuf drainages (see description of 
distributions in Chapter 2). The first null hypothesis was that mussel population 
densities, dispersion patterns and size structures did not differ among stream sites.
This hypothesis was tested by estimating mussel densities, dispersion patterns, and 
size-distributions at several stream sites.. The second null hypothesis was that age and 
growth patterns would not differ among populations. This hypothesis was tested by 
analyzing differences in growth rates, allometric relationships between wet weight and 
shell length, shell morphology, and minimum longevities among populations at several 
stream sites.
Study Sites
The distribution of Margaritifera hembeli is limited to second-order systems 
which drain into the Red River in Grant and Rapides Parishes in central Louisiana 
(see Chapter 2). Most of the mussel populations, located at 22 different sites, are on 
or near United States Forest Service property in the Kisatche National Forest. The 
Rapides Parish populations, at 11 stream sites, are located in the Evangeline Ranger 
District, and the 11 strehm sites in Grant Parish are located in the Catahoula Ranger 
District. More detailed distributional information and habitat discriptions are given in 
Chapter 2. This investigation primarily focuses on populations at individual stream 
sites in Grant Parish (Beaver Creek, Cress Creek, James Branch, and Jordan Creek). 
However, a population in one Rapides Parish site (Loving Creek) was also monitored
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for comparison. Each study site was located in a different stream within the 
respective major Bayou Rigolette and Bayou Boeuf drainages (detailed distributions 
are given in Chapter 2).
Information on mussel density, shell size distribution, growth of tagged 
mussels in wet weight and shell length, and morphometric data were collected in 1992 
and 1994 at several stream sites. Morphometric data were measured from dead-shell 
material found at four of these sites.
Mussel bed-density and size-ffequency data were collected from several other 
locations within each of the major Bayou Rigolette drainages in only 1994 to examine 
drainage-wide trends: Cypress Creek in the Black Creek Drainage, Gray Creek of the 
Gray Creek drainage, and Moccasin Branch of the James Branch drainage.
METHODS
Density and Size Distribution
Two separate approaches were used to estimate mussel densities at each of the 
five major study sites (Beaver Creek, Jordan Creek, Cress Creek, James Branch, and 
Loving Creek). First, mussel densities were estimated along a transect for each site, 
using a systematic sampling method. Second, mussel densities were estimated within 
distinct mussel beds, using the same protocol. The sampling at each site involved 
parsimoniously selecting a starting point, and then estimating mussel densities at SO m 
intervals over a 1 km length of stream. At each 50 m interval a 0.25 m2 quadrat 
(PVC frame) was placed at intervals 50 cm, 160 cm, 245 cm, and 335 cm from the 
right-hand side of the channel, facing upstream. Inside each quadrat the substrate was
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first visually examined for mussels, then gently searched by hand. Repeated searches 
suggested this technique was effective for locating mussels greater than 1 cm shell 
length. However, most channels were so narrow that all four quadrats were rarely 
placed across the stream at any sampling site (especially at James Branch). After the 
systematic sampling was completed, and mussel beds within the same 1-km section of 
channel were observed during the sampling, the quadrat sampling technique was used 
to estimate densities in bed areas (mussel beds were defined as having at least 20 
individuals within a 5-m-long section of stream channel). While this systematic 
sampling protocol was not a truly randomized design, quadrats were placed at random 
with respect to where the mussels were located in the channel. The mussels sampled 
in both sampling procedures were usually Margaritifera hembeli. although other 
mussel species, e.g. , Villosa lineosa. Ligumia recta, Fusconaia flava. and Uniomerus 
tetralasmus were present in very low abundance. Densities within beds at four sites 
(James Branch, Jordan Creek, Loving Creek, and Beaver Creek) were also 
determined in 1992 and 1994.
In each bed, several mussels were measured with a Vernier caliper in each 
quadrat. Additional mussels outside the quadrat were also measured (for a total of at 
least 40 if possible) to record the complete size range for each site. Mussels were 
pulled from the substratum, measured to the nearest 0.1mm, and immediately 
replaced. If the number of individuals in a quadrat was too great for each to be 
measured, at least 5 individuals were haphazardly selected for measurement.
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To determine any differences among the systematically collected samples of 
mussel densities at each of the five different stream sites, a one-way ANOVA was 
performed (Proc GLM, SAS 1985). A Tukey’s a posteriori test was performed to 
identify sites that had different mean mussel densities. The second data set, e.g. 
densities in beds at each of the seven stream sites, was examined with a separate one­
way ANOVA, along with a Tukey’s a posteriori test. Finally, variation in density 
occurring among beds over time was analyzed with a two-way ANOVA (4 sites x 2 
years) at those sites where data from both 1992 and 1994 were available. To test for 
normality assumptions, data in all statistical analyses were examined with Proc 
UNIVARIATE (SAS 1985), and were log, transformed if necessary to meet the 
assumptions of the ANOVA.
Morisita’s index of dispersion ( y  was also calculated for each site where 
densities had been systematically estimated, to test for departure of mussel density 
from a random dispersion pattern. Morisita’a index has the advantange of being 
independent of quadrat size and mean-variance correlations (Brower and Zar 1989). 
Significant departure from randomness (e.g., ld greater than 1.0) was statistically 
examined by comparison to a critical x2 value for each site (Brower and Zar 1989).
To explore the possibility of density-dependent effects on shell growth in M- 
hembeli, I tested for a relationship between mean size and local density. A one-way 
Analysis of Covariance, with quadrat mussel density as the covariate, was performed
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on mussel size data from seven study sites. Finally, to determine if the relationship 
between mussel size and density varied over sites through time, a two-way ANCOVA 
was performed at thoses sites where data were available in both 1992 and 1994. 
fim sth, Age, and Morphometry
Mussel growth data were collected by tagging 25 individuals at each of the 
four study sites with small, numbered plastic tags attached with a glass ionomer dental 
cement (Almore Company, Portland Oregon) to the nacre underlying the 
periostracum. Shell width, length, and height (see Fig. 3.1 for how the 
measurements were collected) were measured to 0.1 mm accuracy with Vernier 
calipers, and the wet weight was recorded on site for each mussel with a portable 
electronic balance (accurate to 0.01 g). An attempt was made to sample the entire 
size range available at each site. Following a one year period, tagged individuals 
were remeasured and reweighed. At most sites, about half of the mussels were 
recovered in two consecutive years, so examination of yearly variation in growth was 
possible. Measurements were taken in July or August in both years, to eliminate 
seasonal weight variation due to reproductive effects (mussels reproduce during winter 
months).
Examination of the first year’s growth data (specifically, increase in shell 
length) at each site with an analysis of covariance revealed a strong site effect (P = 
0.0001). To examine whether growth rates differed among sites for the whole data 
set, a repeated measures ANOVA was conducted using the Proc GLM procedure 
(SAS 1985). Increase in shell length for each year was log,, transformed to solve
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Figure 3.1. Dimensions and orientation of Margaritifera hembeli (L, length; H, 
height; W, weight; A, posterior; D, dorsal; V ventral). Figure adapted from Bailey 
and Green (1988).
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normality and variance homogeneity problems. This analysis required individuals to 
be recaptured in both years, precluding the use of individuals recaptured only once. 
For the four sites investigated, Beaver Creek had the largest sample size (n =  21), 
followed by James Branch (n =  10), Loving Creek (n =  7), and Jordan Creek (n =  
5).
Determination of mussel age was attempted at each site using with thin- 
sectioning techniques (Kennish et al. 1980, Neves and Moyer 1988) on dead shells. 
This involves embedding the right valve in an epoxy resin (Miller-Stephenson 
Chemical Company, Danbury, Connecticut) and sectioning through the shell with a 
diamond-bladed stone saw. After the section is polished, the mussel’s growth lines 
and annuli can be counted. However, probably because of the relatively low pH and 
low ionic concentrations at these sites (see discussion in Chapter 2), shell erosion was 
quite pervasive. Most larger shells were missing several of their earliest annuli, 
precluding accurate age estimations. Instead, I used growth data from each study 
site, that were collected over a wide size range as well as over two years, to 
determine the average length of time required for growth from the smallest to the 
largest individuals at each site. This technique gives a minimum estimate of longevity 
(following Richardson et al. 1988). For example, if a mussel (65 mm in length) at 
one site grew 2 mm over a two-year period, 5 years would be required for a mussel 
to grow from 65 to 70 mm. This technique also assumes all individuals at the same 
site have similar growth rates, and that the growth rate is linear, which was probably 
a reasonable assumption for adults. However, these estimates do not include the time
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required for juveniles to reach the minimum shell length sampled (hence the reference 
to minimal longevity), and the technique also assumes I examined the oldest (e.g., 
largest) individuals at each site.
Variation among study sites in shell morphology was examined in two 
analyses. First, I plotted wet mass against shell length in several populations to 
determine if there were qualitative differences in allometric growth (e.g. , differently 
shaped curves). These data were also collected during the same, brief interval in 
summer at all sites, to again avoid confounding temporal effects (e.g., effects caused 
by brooding of glochidia during the autumn months). Lines describing the 
relationship of wet weight to shell length were fit to each population using the 
software program Slidewrite®. Second, I performed a Canonical Discriminant 
Analysis (Proc FACTOR, SAS 1985) using measured shell dimensions to separate 
populations, following the general methods of Bailey and Green (1988). Dead shells, 
collected at each of the study sites, were weighed and shell lengths, widths, and dry 
weights were used to construct linear Discriminant Functions which best separated the 
study populations in a discriminant space. All variables were log; transformed to 
eliminate normality and variance-homogeneity problems. Because four stream sites 
were used in the analysis, a maximum of three Discriminant Functions could be 
generated, although not all were important in discriminating among groups. The 
discriminant model thus used 49 observations of four different independent 
morphological variables (see Fig. 3.1) to attempt to separate the four study sites. A 
more detailed description of discriminant analysis is given in Chapter 2.
RESULTS
Density and Size Distribution
The one-way ANOVA on the systematically collected data suggested that 
mussel densities varied among sites (Table 3.1). The Tukey’s a posteriori test 
indicated the highest density occurred at Jordan Creek, with Beaver Creek and James 
Branch possessing intermediate densities, and Loving and Cress Creeks the lowest 
densities (Table 3.2). Mussel densities ranged over an order of magnitude among 
sites. Within some beds in both Jordan and Beaver creeks, densities of Margaritifera 
hembeli exceeded 300 individuals per ma. The ANOVA on mussel-bed densities, 
however, indicated no significant difference among study sites (Table 3.1), suggesting 
that differences among sites in the first analysis were due to the frequency of beds, 
not differences in densities within beds. However, the two-way ANOVA (again 
looking at differences through time) did suggest some difference in mussel bed 
densities among the four study sites (Table 3.1). The one-way ANOVA had three 
additional study sites (Moccasin Branch, Gray’s Creek, and Cress Creek), each with 
intermediate density ranges (Table 3.2), which may explain the difference between the 
two analyses. The two-way ANOVA failed to indicate a year main effect or a site x 
year interaction.
Margaritifera hembeli is definitely contagiously distributed (Table 3.3). All 
Morisita’s dispersion index values were significantly greater than 1, indicating 
clumped dispersions at all sites.
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Table 3.1. Results of one-way and two-way ANOVAs on mussel densities among 
study sites. A one-way ANOVA contrasted systematically collected density 
measurements of mussels (1992 data only) at 5 study sites (Top). A second one-way 
ANOVA contrasted mussel bed densities (1994 data) at 7 different study sites 
(Middle). A two-way ANOVA compared mussel bed densities at four different sites 
in two different years (1992 and 1994, Bottom). The degrees of freedom (df), mean 
squares (MS), and associated significance levels (P) are given for each treatment 
effect.
Source of
Variable Variation df MS E
Systematically Treatments 302 .11
Collected Density Study Site 4 .36 .01
Estimates Error 298 .12
Density Treatments 104 1.30
Estimates Study Site 6 .87 .68
Within Beds Error 98 1.32
Densities Treatments 189 1.26
in Beds Over Study Site 3 3.41 .04
2 Years Year 1 1.18 .33
Site x Year 3 0.92 .52
Error 182
Table 3.2. Mean mussel densities/m2 at each site, ±  S.E., and Tukey’s a posteriori 
range values for each one-way density ANOVA, with systematic sampling at 5 sites 
(Top), and densities in mussel beds at 7 sites (Bottom).
Systematically Determined Mussel Densities 
Siie Density Tukey Grouping
Jordan Creek 2.19 ± . .98 A
Beaver Creek 0.75 +. .38 AB
James Branch 0.66 ± , .41 AB
Loving Creek 0.16 + .. 12 B
Cress Creek 0.14 +  . 14 B
Mussel Bed Densities
Jordan Creek 38.72 ±  21.31 A
Beaver Creek 25.76 ±  11.31 A
James Branch 16.00 +. 4.63 A
Loving Creek 8 .0 0 +  3.43 A
Cress Creek 7.66 ±  3.66 A
Moccasin Branch 30.66 +  23.83 A
Gray’s Creek 6 .8 4 +  2.85 A
Table 3.3. Morisita’s index (1^ ) values for the dispersion of Margaritifera hembeli. 
indicating departure from randomness for systematic sampling data at five sites, along 
with sample sizes, x2 values, and significance levels.
*
* *
Site df h
Beaver Creek 62 13.36 198 **
Cress Creek 55 55.00 108 **
James Branch 38 13.00 62 *
Jordan Creek 66 12.88 524 **
Loving Creek 75 25.66 125 **
significant at P =  0.01 
significant at P =  0.005
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While mussel size distributions at all sites were skewed towards larger, 
presumably older individuals, variation in size distributions still occurred among sites. 
For example, although Beaver and Cypress creek are both located in the Black Creek 
drainage, mean shell lengths were quite different (Fig. 3.2). A greater size range was 
present at the first site, suggesting more frequent recruitment of juveniles. In Cypress 
Creek, on the other hand, only 15 large individuals could be located, ranging from 
82.5 - 106.1 mm in size.
Margaritifera hembeli were sampled at three sites within the Gray’s Creek 
drainage: Gray’s Creek, Cress Creek, and Jordan Creek (Fig. 3.3). All three 
populations had size frequency distributions strongly skewed towards larger 
individuals.
The Moccasin Branch site, located in the Hudson Creek drainage, had an 
intermediate size distribution (Fig. 3.4), although most individuals were large (80.0 - 
109.9 mm). James Branch had very similar size distributions in both 1992 and 1994 
(Fig. 3.4). Loving Creek, located in the Bayou Boeuf drainage in Rapides Parish, 
also had a wide size distribution (Fig. 3.5), in both years.
Attempts to determine a relationship between average mussel size and quadrat 
density revealed clear differences in size among sites (ANCOVA P = .0001), but no 
effect of local density (Table 3.4).
Growth. Age, and Morphometry
Significant differences in shell growth occurred across sites and time (Table
3.5). However, no time x site interaction was detected, suggesting that growth
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Figure 3.2. Size frequency histograms and mean shell lengths for Margaritifera 
hembeli in Beaver and Cypress Creeks of the Black Creek drainage. Beaver Creek 
measurements were collected in two different years. The bars indicate the total 
number of individuals measured.
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Figure 3.3. Size frequency histograms and mean shell lengths for Margaritifera 
hembeli in the Jordan, Cress, and Gray’s creek drainages. The Jordan creek 
measurements were collected in two different years. The bars indicate the total 
number of individuals measured.
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Figure 3.4. Size frequency histograms and mean shell lengths for Margaritifera 
hembeli in the James and Moccasin Branch drainages. The James Branch 
measurements were collected in two different years. The bars indicate the total 
number of individuals measured.
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Figure 3.5. Size frequency histograms and mean shell lengths for Margaritifera 
hembeli for Loving Creek in the Bayou Rapides drainage. The measurements were 
collected in two different years. The bars indicate the total number of individuals 
measured.
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Table 3.4. One-way and two-way ANCOVAs contrasting sites, with mussel density 
as a covariate and shell length as the dependent variable. The one-way ANCOVA 
(top) contrasts shell length relationships across 7 sites. The two-way ANCOVA 
(bottom) contrasts shell lengths across 4 sites in 2 years (1992 and 1994). The 
degrees of freedom (df), mean squares (MS), and associated significance levels (P) 
are given for each analysis.
Source of
Variable Variation df MS E
Mussel Size Treatments 314 .033
Density 1 .0001 .90
Site 6 .635 .0001
Error 307 .022
Mussel Size Treatments 424 .034
Density 1 .023 .32
Site 3 1.378 .0001
Year 1 .001 .91
Site x Year 3 .038 .19
Error 416 .024
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Table 3.5. Repeated measures ANOVA for annual increase in shell length for 
Marearitifera hembeli at four separate study sites over 2 consecutive years. The F 
statistic and significance level are given for each contrast.
Source of 
Variation F E
Year .699 15.93 .0003
Site .708 7.19 .0006
Year x Site .944 0.73 .54
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differences among the study sites were consistent over time. A mean shell increase of 
0.95 mm occurred in both Beaver and Jordan creeks, compared with 2.6 mm for 
James Branch and 2.9 mm for Loving Creek. In other words, growth rates at Loving 
Creek are three times higher than at the Jordan and Beaver Creek sites.
The estimated longevity of Margaritifera hembeli. again based on the minimum 
time necessary to grow from the smallest to the largest collected individuals in the 
field, as estimated by growth rates, was highly variable among the study sites (Table '
3.6). This was not unexpected, given the differences in growth rates discussed above. 
Although local density did not significantly affect growth, it is interesting to note that 
growth was still greater at the low-density sites, James Branch and Loving Creek 
(Table 3.6).
Although shell sectioning could not be used to directly age mussels, results 
were consistent with the analysis based on growth of tagged animals. For example, 
individuals at Beaver and Jordan creeks had more growth lines per annulus than faster 
growing animals at James Branch and Loving Creek (Table 3.6). The growth lines of 
shells collected from James Branch and Loving Creek were not only fewer in number, 
but also thicker. At Beaver and Jordan creeks, lower growth rates thus suggest 
lifespans for individuals at these sites could approach a mimimum of 75 years. The 
Loving Creek and James Branch populations had higher growth rates and predictably 
shorter longevities, with a minimum of 20 years. Total longevities for these 
populations would again include periods from settlement to the smallest size recorded, 
and thus our estimates are minimal life spans.
Table 3.6. Number of growth bands per annulus, size ranges, growth rates and 
minimum age estimations of Margaritifera hembeli at four study sites. The age 
estimates were derived from the mean increase in shell length at each site over 2 
years (see text).
Minimum
Site a
Bands per 
annulus
Estimated
Sizc.Rangc
Mean Increase 
Shell Length
Life Span 
in_Y?ars
Jordan Creek 10 5 - 6 59.1 - 117.2 1 mm 58
Beaver Creek 13 5 - 6 29.9 - 106.6 1 mm 76
James Branch 9 2 - 3 67.6 - 121.7 2.6 mm 21
Loving Creek 10 2 58.5 - 100.5 2.9 mm 15
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Wet mass to length relationships also differed qualitatively among sites (Fig.
3.6). Allometric relationships were best illustrated with an asymptotic curve, except 
at Beaver Creek, which showed an exponential relationship. Few individual mussels 
larger than 120 mm were present at several sites; the largest individual was 124.4 
mm, recorded in Cress Creek. The smallest recorded individual was a 19.5 mm, 
found in Loving Creek.
The Canonical Discriminant Analysis was successful in separating mussels at 
the four study sites, based upon shell morphology (Wilks’ X =  0.459, P =  0.0006, 
Fig. 3.7). The first discriminant function separated individuals into three categories 
based primarily on shell size: (1) Loving Creek, (2) Jordan Creek, and (3) James 
Branch and Beaver Creek, and explained over 65% of the variation among groups.
The second discriminant function explained a further 31% of the variation among 
groups, and separated the James Branch and Beaver Creek sites from the Loving 
Creek and Jordan Creek sites. The third discriminant function explained only 1 % of 
the variation among the groups, and was therefore excluded from Fig. 3.7.
DISCUSSION
Density and Size Distribution
Many species of freshwater unionids are known to be contagiously distributed 
(McMahon 1991, Downing and Downing 1992, Strayer and Ralley 1993), and 
Margaritifera hembeli is no exception. In fact, the differences found between the 
densities estimated with systematic sampling and those estimated in bed areas also
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Figure 3.6. The relationship of wet weight (grams) to shell length (millimeters) for 
Margaritifera. hembeli at four study sites in 1992. Lines were fit to data by a 
software package (Slidewrite ®).
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Figure 3.7. Plot of the Canonical Discriminant Functions (1 and 2 only) and 
locations of the centroids. Centroid abbreviations are JC =  Jordan Creek, BC = 
Beaver Creek, JB =  James Branch, and LC =  Loving Creek.
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suggest M. hembeli to be highly contagious. Young and Williams (1983) noted 
contagion in Margaritifera margaritifera populations in Scottish streams. This 
investigation and others (Darden 1988) have thus found M. hembeli to occur in tight 
clumps or beds, with a few isolated individuals occurring along the stream continuum. 
Additionally, M- hembeli orients it’s posterior-ventral margin into the prevalent 
current, as was also noted for Margaritifera marrianae in Alabama streams (P.
Johnson, unpub. data).
The densities seen in Margaritifera hembeli beds were also highly variable 
within study sites. For example, bed densities at both Beaver and Jordan creeks could 
range from just a few to over 300 individuals/m2. Such sampling differences within 
sites were probably caused by the irregular shape of many beds, and could explain the 
low significance levels (P =  0.04) among sites in the ANOVA tests. Mussel beds 
usually occupied a specific section of the channel, as predicted by several habitat 
variables (see discussion in Chapter 2). Beds usually covered a linear stream distance 
of less than 5 m, but individuals sometimes occurred several meters downstream of 
the main bed. Some beds were very large, as in Jordan Creek, containing over 2,500 
individuals along a 10-m section of stream bottom. Such large beds have been noted 
for other margaritiferids (Stober 1972), but bed densities this high (312/m2) have not 
been reported for any margaritiferid, and few other mussel groups (Downing and 
Downing 1992).
The size ranges recorded for Margaritifera hembeli clearly showed that size 
distributions varied dramatically among sites. For example, in the three streams in
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the Gray’s Creek drainage, only large mussels were present throughout the entire 
system. In contrast, the Beaver Creek site inside the Black Creek drainage had a 
wide size range, while the mussel was represented by only a few large individuals at 
the Cypress Creek site in the same drainage. Therefore, it is impossible to predict 
M ‘ hembeli size distributions a priori based solely on the drainage, and recruitment 
evidentally varies dramatically among sites.
Size distributions in other margaritiferids are also quite variable, although 
usually dominated as well by larger individuals (Hendelberg 1961, Stober 1972, Bauer 
1987). Bauer (1987) suggested that virtually no predation occurs on mature mussels, 
and naturally low mortality rates skew pearl-mussel population structure towards older 
individuals. Most M* margaritifera thus appear to die of old age (Bauer 1987), and 
the size range of dead shells observed (usually >  70 mm) during this study suggests 
similar conditions in M. hembeli populations. Of course this assumes that smaller 
shells are not eroded or buried more quickly than larger shells.
Growth. Age, and Morphometry
The variation in growth rates seen across study sites is probably not related to 
any single factor. Although sites with higher-densities did show a reduction in 
individual growth rate, no obvious density-dependent relationships were evident in the 
covariance analysis, so density-dependent effects on growth were ambiguous.
From these growth rates, I estimated the life-span of M. hembeli to vary 
between 25 and 80 years, depending upon the study site. Such wide variation in 
growth and age structure was also noted for M. margaritifera at five stream sites in
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northern Bavaria (Bauer 1987). Bauer (1987) determined the mean age to vary 
between 35.4 - 81.1 years across drainages, with maximum age ranges of 60 to 110 
years. Margaritiferid unionids are known to be the longest lived of all freshwater 
invertebrates (Comfort 1957, Hutchinson 1979), with life spans commonly exceeding 
100 years (Bauer 1987, Vannote and Minshall 1982). Because unionids of the same 
species commonly have shorter lifespans in more southern latitudes (McMahon 1991), 
M- hembeli’s lifespan would be expected to be at least somewhat shorter than 
European margaritiferids.
Differences in the number of growth bands across sites corresponds with the 
growth data: growth bands were generally thicker and fewer in number at the James 
Branch and Loving Creek sites, possibly because of greater growth rates at those 
sites. This suggests that, for mature M. hembeli at least, a growth band roughly 
corresponds with annual growth. Mussels which grow less than 1.5 mm per year 
provide the least reliable sectioning data (Neves and Moyer 1988), and because most 
margaritiferids are slow growing, few investigators have attempted age determination 
by shell sectioning. Most reported age distributions for M. margaritifera have been 
calculated using the pedal-ligament-length technique (Hendelberg 1961), which 
unfortunately requires the individual be sacrificed, an unacceptable option for an 
endangered species. Future studies of the age structure of M. hembeli should use a 
tetracycline marking method to better determine how growth bands are related to age.
Given such broad differences in growth across sites, some variation in shell 
morphology should be expected. Margaritifera margritifera is known to display 
drastic morphological differences based on pH, hardness levels and channel size 
(Chesney et al. 1993). However, with the comparatively small range in water quality 
parameters recorded at these sites (see discussion in Chapter 2), a similar water 
quality relationship is unlikely for M. hembeli. The similarity in shell morphology at 
the James Branch and Beaver Creek sites may possibly be due to similar channel 
structure. For example, Jordan Creek had the largest channel and the highest current 
velocities, and Loving Creek was the second largest channel with high current 
velocities but increased depth (see Chapter 2). The shell morphology of Margaritifera 
hembeli may thus be a function of channel morphometry (and presumably therefore 
current velocity and habitat stability) as reported as well for other margaritiferids 
(Chesney et al. 1993).
Management Implications
It is clear from the differences in mussel densities, size ranges, ages, and 
growth rates among study sites that future conservation efforts of Margaritifera 
hembeli must involve working with individual sites or at least drainages. For 
example, drastic differences in recruitment (only 4 of the 8 sites investigated had 
individuals less than SO mm in shell length) and size distributions suggest that the 
population status must be evaluated on a site-by-site basis. Given the skewed age 
structure of M. hembeli, turnover rates within populations should be low (Bauer 
1987), but the total absence of recruitment at some sites suggests a loss of the host
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fish. Sites with low mussel densities (for example, Loving Creek and James Branch) 
often had greater recruitment than high-density sites (Jordan Creek). These results 
also suggest that limitation of juvenile recruitment is related to the loss of the 
appropriate fish host (probably Noturus phaeus, see discussion in Chapter 2), rather 
than sparse adult populations.
Traditional thought about extinction rates suggests that populations with large 
numbers of individuals have a greater chance at survival (Wright and Hubbell 1983), 
and that dispersal among isolated populations helps maintain a stable metapopulation 
(Schemske et al. 1994). Clearly, with such strong site to site differences, even 
among streams in some cases in the same drainage, dispersal among specific sites is 
probably limited in M- hembeli.
Conservation strategies for Margaritifera hembeli must be more closely tied to 
maintaining long-term habitat stability as well. The long lifespan of M. hembeli 
would suggest that short-term disturbance effects (floods or acute water quality 
problems) do not affect population dynamics, even though these stochastic events are 
important to other, shorter-lived specjes (Brussard 1991). Long-term impacts, such as 
heavy streamside logging, and the construction of fish barriers (flood control 
structures and beaver dams) are probably of greater importance. Margaritifera 
hembeli seemed to be extremely sensitive to high silt loads, which is why it was never
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found inside natural pool areas. Logging can negatively impact M> hembeli directly, 
as the resulting clear-cut releases large amounts of silt and other line sediments into 
the stream, hurrying mussels, and indirectly by removing the fish communities upon 
which the mussels are dependent.
Summary
I reject the first null hypothesis that Margaritifera hembeli does not differ in 
density or population size distributions among study sites: large differences in density 
and size distributions clearly occurred across study sites. Densities and size 
distributions could not be predicted a priori at a particular site, or even among stream 
sites within the same small drainage. Sites with such low densites (Cress Creek, 
Cypress Creek, Gray’s Creek) indicate that populations at these sites could easily 
become extinct. Because M- hembeli size distributions were often skewed towards 
larger individuals at all sites, even if adult populations are healthy, without an 
improvement in recruitment, the future status of these populations are questionable.
The second null hypothesis, that age and growth would not differ across 
populations, was also rejected. Growth could differ by a factor of 3 among sites, and 
among years. The difference in growth rate also affected shell morphology, resulting 
in three distinct shell types across study sites. Allometric growth patterns generally 
showed asymptotic relationships, with the exception of Beaver Creek. Finally, age 
structure was highly variable among populations, resulting in longevities differing by 
a factor of 2 across sites. Margaritifera hembeli showed as much variation among 
sites in growth and age structure as it did in density and size distributions.
This study demonstrates that population size structure, density, growth rate, 
shell morphology, and age structure of Margaritifera hembeli differ among streams. 
Thus populations of this threatened species cannot be considered homogeneous, and 
more work is needed to determine what specific factors (e.g., differences in the 
distributions of host fish) are responsible for the differences.
CHAPTER IV
MICROHABITAT-MEDIATED VARIATION IN THE POPULATION 
ECOLOGY OF THE GASTROPOD 
Elimia semicarinata (GASTROPODA:PLUEROCERIDAE)
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INTRODUCTION
The effects of wave action upon the size of intertidal animals have been well 
documented (Denny, Daniel, and Koehl 1985, Denny 1988). For example, barnacles 
and limpets exposed to greater wave shock are smaller in size than individuals in 
protected areas, as are predators like thaidid whelks (Warburton 1976, Brown and 
Quinn 1988, Etter 1989). The smaller average size is either because larger 
individuals are washed away, or because higher water velocity increases energetic 
costs of adhesion, or limits time available for feeding. However, the effects of 
current velocity on macroinvertebrate distributions have received comparatively little 
attention in freshwater systems (Statzner, Gore, and Resh 1988, Poff and Ward 
1992). If lotic environments reduce the size of snails either by dislodging larger 
individuals (Denny et al. 1985) or by imposing bioenergetic costs such as reduced 
feeding and movement (Brown and Quinn 1988), snails could be smaller on average 
in lotic substrata.
Additionally, large population sizes often limit food resources, resulting in 
intraspecific density dependence which can reduce population growth rates. Density- 
dependent effects on the growth rates of marine prosobranch and freshwater 
pulmonate snails have also received considerable attention, but similar studies of 
freshwater prosobranch snails are rare (Brown 1991). For example, Brown, Carman, 
and Inchausty (1994) found that reduced grazing rates were associated with higher 
densities in Physella gyring, a freshwater pulmonate gastropod, but concluded that the 
reduction was caused by a behavioral response, not limited food resources. In
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addition, within freshwater macrophyte beds, density-dependent effects on the size 
structure of pulmonate gastropods have been recorded (Bronmark 1989, Brown and 
Lodge 1993). However, grazing by freshwater snails can actually increase periphyton 
production (Bamese, Lowe, and Hunter 1990, McCormick and Stevenson 1989).
In this study, I examine the possibility of density-dependent and current- 
dependent effects upon abundance and size distributions in stream populations of the 
pleurocerid gastropod, Elimia semicarinata. I believe this to be the first study that 
documents both flow and density effects on prosobranch, riverine gastropods.
I first conducted an extensive sampling survey, in several specific vegetated 
and unvegetated habitats, in Doe Run, KY., from 1991 - 1994, to determine if 
microhabitat-specific differences occurred in the population of Elimia semicarinata.
The final fifteen months of the investigation examined populations of Elimia 
semicarinata only in unvegetated habitat, to examine the effects of flow and shading, 
without the confounding effects of macrophyte beds.
These microhabitat-mediated differences could be caused by several factors. 
First, individual gastropod size could be determined by local snail density (e.g. , 
density dependence). This was the rationale for initially determining size distributions 
within macrophyte beds, which typically harbor increased gastropod populations 
(Brown and Lodge 1993). I also performed a grazer-manipulation experiment in each 
of the major unvegetated habitats to determine if gastropods could alter periphyton 
(food) abundance. Second, size distributions and densities might differ among 
habitats if snails chose specific microhabitats. This hypothesis requires substantial
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movement by snails, and this possibility was examined with a snail colonization 
experiment that took place over time in each unvegetated habitat. To determine if 
snails could select microhabitats offering a refuge from flow, I designed flow baffles, 
and determined if clay tiles, protected by these baffles, would be colonized by 
different abundances or size classes of snails. Finally, current velocity could also 
indirectly affect the abundance or size distributions of snails if it altered periphyton 
food resources. I assessed these types of indirect effects by following periphyton 
biomass through time in both the colonization and flow-refuge experiment.
My null hypothesis for the sampling survey was that snail density and size 
structure would not be affected by macrophyte beds, current velocity, or ambient light 
levels (which would presumably alter periphyton abundance). I predicted, however, 
that snails would be more abundant and smaller in vegetated habitats, and would be 
smaller as well in lotic microhabitats. The null hypothesis for the colonization 
experiment was that grazer movement would not be significantly restricted within any 
microhabitat, and that snail colonizers would not differ in shell size among 
microhabitats. The null hypothesis for the flow-refuge experiments was that there 
would be no differences in grazer size or density between the refuge and ambient-flow 
habitats. However, I predicted that snails would be more likely to colonize refuges 
only in lotic areas, and that larger snails, because of increased drag, might be most 
likely to choose these microhabitats. Finally, Poff, Volez, and Ward (1990) 
demonstrated that periphyton biomass can be depressed by 30-40%  inside high-flow 
habitats, suggesting that the resident grazers inside those habitats might be particularly
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food limited. The null hypothesis for the grazer-manipulation experiment was that 
grazers would not be able to affect periphyton biomass inside any microhabitat: 
nevertheless, from the logic described above, I would predict that snails might be 
more able to affect already lowered periphyton biomass in lotic areas. This 
hypothesis was tested by examining chlorophyll a concentrations and periphyton 
A.F.D.W. in control tiles inside each microhabitat, in experiments where snails were 
either enclosed or exclosed by cages. In summary, by examining the results for each 
of these experiments, it should be possible to determine if abiotic factors (e.g., 
current velocity), or biotic factors (snail behavior or reduced-periphyton levels) are 
responsible for explaining the size and density differences observed among 
microhabitats for Elimia semicarinata.
Studv-Site Descriptions
Doe Run Creek is a second-order, spring-fed stream in northeastern Meade 
County, Kentucky (37° 56’ N, and 86° 07* W, Fig. 4:1). The stream flows north- 
northeast for 15.5 km, with input from several springs before emptying into the Ohio 
River. The average stream gradient is 0.0005 %, as it flows through typical karst 
topography (Minckley 1963). The headwater sections (upper 5.6 km) of Doe Run 
Creek average 10 m in width but can narrow to 5 m at some riffles.
In July of 1961, downstream sections (km 5.6 through km 12.2) were 
impounded, creating a 147-ha reservoir (Doe Valley Lake) with a mean depth of 8.8 
m (Bacon 1973). Today, the water level of the reservoir is relatively constant, and
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the downstream section (km 12.2-15.5) is a backwater of the Ohio River. A more 
detailed description of Doe Run can be found in Minckley (1963) and Johnson,
Brown, and Covell (1994).
This investigation was conducted primarily at Station II (see Johnson et al. , 
1994), with additional sampling data from lentic, vegetated sites collected at Station 
III. Station II is at km 3.3, and extends about 200 m downstream. Station III is at 
km 5 and extends approximately 300 m downstream. Stations II and III are in heavily 
forested areas, and station I has some agricultural land on the western bank.
Upstream of the reservoir, Doe Run Creek flows through a relatively undisturbed 
riparian forest (dominated by sycamore, Plantus occidentalis: elm, Ulmus spp.; oak, 
Ouercus spp.; and assorted maples, Acer spp.), which varies from 30 to 200 m in 
width. Doe Run Creek has a typical temperate hydrological cycle, with maximal 
discharges occurring in late February to mid-March, and minimal values occurring in 
October (Johnson et al. 1994). Elimia semicarinata (Say), a prominent grazer in this 
stream, was sampled in the following microhabitats with varying substrata and current 
regimes.
Myriophvllum heterophvllum (hereafter referred to as LOV, for lotic 
vegetated) is a submergent macrophyte which grows in especially thick stands at 
station II. This macrophyte is usually located in the center of the channel in moderate 
current velocity (30 cm s'1). However, current velocity is greatly reduced inside the 
dense vegetation (1 cm s'1). Beds of Myosotis scorpioides (hereafter referred to as 
LEV, for lentic vegetated), an emergent macrophyte, are adjacent to a large pool at
83
Phi,
15km
10 km
Doe
Valley
Lake
1 km
S t a t i o n  IV
S t a t i o n  II
Buffa lo
Spring 1 km
S t a t i o n  I
4 0
9 0 09 00 62
Figure 4.1. Doe Run Creek, Meade County, Kentucky, showing sampling stations 
used in the study (H and III), stream distance, extent of Doe Valley Lake, and other 
principle features. Insert shows location in Kentucky. (Adapted from Minckley 1963 
and Krumholz 1965.)
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station n i. Current velocities around and inside the vegetation are minimal (<  1 cm 
s*1). Current velocites were measured in these habitats at every sampling interval (see 
Methods).
However, unvegetated areas were the primary habitat types sampled during the 
latter part of this investigation. This substratum was dominated by cobble-boulder 
sized limestone with an underling layer of predominately coarse sand (as measured on 
the Wentworth Scale, Buchanan 1984). This habitat spans a variety of current 
velocities (1 - ISO cm s'1), and cobble sizes were usually larger in more stable areas 
(see also Vannote et al. 1980). In addition to variable flow, incident light levels were 
also highly variable (20 - 2000 /nmol quanta m'2 s'1, data collected near noon with a 
Li-Cor LI-1000 light meter) across these habitats. Unvegetated habitats were 
therefore differentiated into several specialized microhabitat types: lotic sunny 
(LOSU), lotic shaded (LOSH), lentic sunny (LESU) and lentic shaded (LESH). All 
unvegetated microhabitats were located within 70 m stream distance of one another, 
could be up to 25 cm in depth, and were selected based upon current velocity (1 - 10 
cm s'1 in lentic habitats and >  35 cm s'1 for lotic habitats), and light levels (<  150 
fimol quanta m'2 s'1 for shaded habitats, and > 600 /xmol quanta m'2 s'1 for sunny 
habitats). For reference, a photon flux density of approximately 375 /tmol quanta m'2 
s'1 is considered to be above the saturation intensity for lotic periphyton (DeNicola 
and Mclntire 1991).
To determine if flow-mediated effects on prosobranch populations were a 
general phenomenon, I also examined the relationship of snail density and size to
current velocity at a second site in Alabama. Little Cedar Creek is a small second- 
order system in southeastern Conecuh County, Alabama (31° 22’ N, and 82° 53’ W). 
The stream flows 15 km due south before emptying into Cedar Creek. Little Cedar 
Creek has a narrow channel (== 5 m), a steep gradient, and thus fast minimal current 
velocities (10 cm s*1). The substratum is predominately a sand and cobble mix 
(Wentworth Scale, Buchanan 1984). Elimia taitiana is a prominent grazer at this site, 
although densities ( «  175 / m2) were considerably less than for those observed for 
Elimia semicarinata at Doe Run Creek (Johnson et al. 1994). The forest canopy is 
well developed, which, along with the steep gradient, precludes submerged aquatic 
vegetation and sunny sites. At Little Cedar Creek, E. taitiana could therefore only be 
sampled in mixed cobble and sand substratum in shaded areas with high or low flow 
conditions (LOSH, lotic shaded, and LESH, lentic shaded, respectively).
METHODS
To estimate Elimia densities, samples were collected with an unmodified 
Surber sampler (sampling area =  0.09 m2, mesh size =  0.3 mm), with specific 
sampling sites assigned haphazardly in all unvegetated habitats. Animals sampled in 
vegetation beds (Doe Run Creek only), were collected with haphazardly positioned 
Eckman grab samples (sampling area =  15 cm2). Grab samples were placed in a 19- 
L bucket and washed to remove large debris, and then transferred to a wash bucket 
(mesh size — 0.42 mm) to remove fine sediments. A random-sampling design was 
not practical, because samples had to be positioned within specific microhabitats and
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could change depending on the annual hydrological cycle (Johnson et al. 1994). The 
samples were then fixed with 95% ethanol; six replicate samples were always taken in 
each microhabitat at each sampling date.
Benthic samples were transported to the lab where Elimia spp. were removed, 
dried, and the shell widths measured to the nearest tenth of a millimeter with Vernier 
calipers (Fig. 4.2). Shell width was measured, as opposed to shell length, because 
pleurocerid gastropods often experience severe erosion of the shell spire (Burch 
1989), precluding consistent length measurements.
Current velocities were measured with Montedoro-Whitney Model PVM-2A 
and Marsh-McBimey Model 2000 current meters, approximately 3 cm from the 
channel bottom, during both sampling surveys. Current velocities were recorded after 
the sample had been collected, at the precise sample location. At least six replicate 
velocity measurements were taken at slightly different locations within each sample 
area. Current velocities were also recorded directly over each experimental tile (10 
cm x 20 cm x 4 cm paving bricks) in every experimental treatment. All gastropod 
microhabitat sampling and experimental treatments were conducted during normal 
seasonal discharges, not during floods.
Incident-light levels were measured at Doe Run Creek in the unvegetated 
habitats with a Li-Cor LI-1000 light meter, recording in pmol quanta m'2 s'1. All 
measurements were recorded just above the water line. Measurements were taken 
under similar weather conditions (less than 20 % cloud cover), near noon. Light 
levels were recorded for several weeks in July and August 1993.
LLLUJdl.
Elimia semicarinata
Figure 4.2. Method of measuring shell width for M m ia sem ienrio^
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The possibility that other physiocochemical factors influenced these gastropods 
was also examined. Water-quality data (temperature, dissolved oxygen, pH, 
conductance) were recorded at Doe Run Creek for several weeks in July and August 
1993, and in February 1994, with a Hydrolab® Surveyor 3 electronic water quality 
monitor. Total hardness (mg/1) measurements were also recorded with a Hach® kit.
In addition, extensive water-quality data from Doe Run Creek are reported in 
Minckley (1963) and Johnson et al. (1994).
Periphyton biomass on experimental tiles (10 cm x 20 cm x 4 cm paving 
bricks) was measured using two different methods: Total ash free dry weight 
(A.F.D.W.), and chlorophyll a concentration. Ash free dry weight was estimated 
after samples were dried overnight at 60°C and then ashed at 550°C for 1 h, and 
chlorophyll a  concentrations were estimated by standard methods (A.P.H.A., 1992). 
Sampling Design and Analysis
At Doe Run Creek, Elimia semicarinata size distribution and density data were 
collected from lentic vegetated (Mvosotis =  LEV), lotic vegetated (Myriophyllum = 
LOV), and lentic (LEUV) and lotic (LOUV) unvegetated habitats, on two occasions 
(March, 1991 and November, 1991). In May 1992, unvegetated habitats (LOUV and 
LEUV) were again sampled at Doe Run Creek. After considering trends in these 
early analyses (see results), we eliminated vegetation structure as a complicating 
factor (macrophytes generally offer increased surface area for periphyton colonization, 
Brown and Lodge 1993) to determine the unconfounded effects of current and light 
levels on snail abundance and size distributions. Both sunny and shaded sites were
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selected in each current velocity category because my assumption was that available 
food resources (e.g., periphyton) would be higher in areas of the channel without 
riparian cover. Size and density sampling data were collected in these four 
unvegetated habitats (LESU, LESH, LOSU, and LOSH) at Doe Run Creek on 5 
separate occasions (August, 1993; November, 1993; February, 1994; August, 1994; 
and November, 1994).
Snail-density and size data were analyzed with one-way ANOVA’s, contrasting 
the representative habitats sampled in each time period. To determine which means 
differed among habitats, a Tukey’s a posteriori test was performed with each ANOVA 
(Proc GLM, SAS 1985). Because two sampling groups were taken in the vegetated, 
and 5 in the nonvegetated component of the study, fourteen separate one-way 
ANOVAs (seven for snail size and seven for snail density) were performed on these 
data. Current velocity data were also analyzed with one-way ANOVA’s.
Because of a relatively small channel and well-developed canopy, samples at 
Cedar Creek could be collected from lentic shaded (LESH) and lotic shaded (LOSH) 
habitats only. These snail size and density data were also analyzed with a one-way 
ANOVA, and differences among sample means were tested for with a Tukey’s a 
posteriori test.
Colonization Experiment
To determine if differences among habitats in size distributions or densities 
were due to movement among habitats, a colonization experiment was performed in 
each of the four habitats in Doe Run in July 1993. Experimental tiles (10 cm x 20
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cm x 4 cm paving bricks) were placed in an intermediate habitat (e.g. , one with 
moderate flow and light penetration) for 50 days to standardize periphyton biomass 
levels. The tiles were then transferred to each of the respective habitats (LESU, 
LESH, LOSU, and LOSH). In each habitat, tiles were collected at 6, 12, 24, 72, and 
168 hour intervals. Snails were collected from each tile, and each snail was 
measured. With five time intervals and six replicate tiles for each habitat and time 
interval, there was a total of 120 tiles. Current-velocity measurements were recorded 
above each tile, prior to its removal. A two-way ANOVA was performed to 
determine if snail size or densities were different among habitats or colonization 
times.
Upon collection of tiles, a five cm2 section of each tile was scraped with a 
razor blade to remove periphyton. Three of the replicate periphyton samples were 
used to determine A.F.D.W., and the other three were used to determine chlorophyll 
2 concentration. Incident-light levels and water-quality data were also collected at this 
time. Current velocity, chlorophyll a, and A.F.D.W. data were analyzed with two- 
way ANOVAs (four habitats x five times). To normalize A.F.D.W. data, they were 
square root transformed, and chlorophyll a data were log* transformed.
Current-Refuge Experiment
A current-refuge experiment was completed in November 1994 to determine if 
current velocity affected gastropod movement within each representative unvegetated 
habitat (e.g., whether gastropods selected refuges from high flows). All tiles were 
placed in an intermediate habitat with respect to treatment levels (flow =  20 cm s'1,
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light =  340 n  mol quanta m‘2 s*1) for 50 days in order to standardize periphyton 
densities among experimental treatments. Flow baffles, constructed from PVC pipe 
with aluminum screen (1.2 m long by 40 cm high, »1 .5  mm mesh size) attached to 
the pipe with hot glue and wire. The flow baffles were then placed in each 
unvegetated habitat (LESU, LESH, LOSU, and LOSH) perpendicular to the prevalent 
current. Twelve pre-colonized tiles were then transferred to each habitat, and six 
refuge tiles were placed behind the baffles and six control tiles beside them (total n =  
48). Exposed tiles were placed beside current baffles (instead of in front) to eliminate 
backflow in high currents. Spacing between individual tiles (« 1 0  cm) was the same 
for refuge and exposure tiles. Upon transfer of tiles to each habitat, the portable 
PVC baffles were artificially "clogged" with leaf detritus to further reduce current 
velocities in the refuge treatments. Current velocity measurements were then 
recorded at each tile. Experiments were continued for ten days, and the snails were 
then carefully collected from each tile. For this experiment, two 5 cm2 scrapings 
were collected from each tile, and periphyton biomass (A.F.D.W.) and chlorophyll a 
concentrations were determined.
Two-way ANOVA’s were completed to determine if snail density, snail size, 
current velocity, periphyton A.F.D.W., or chlorophyll a concentration differed among 
habitats and treatments (exposed versus refuge). Snail density and size data were also 
analyzed with one-way ANOVAs to allow testing treatment means for significant
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differences with Tukey’s a posteriori tests. To meet normality assumptions,
A.F.D.W. data were square root transformed and chlorophyll a data were log* 
transformed.
Grazer Manipulation
Several investigators (Bamese et al. 1990, McCormick and Stevenson 1989) 
have reported that periphyton production (as estimated by chlorophyll a concentration) 
often increases in the presence of snail grazers. Additionally, Poff et al. (1990) have 
shown reduced periphyton production in high-current areas. In order to determine if 
these phenomena were also occurring in Doe Run Creek, the following grazer- 
manipulation experiment was devised. Sixteen 50 x 50 x 45 cm cages were 
constructed with a PVC frame covered with aluminum screen ( »  1.5 mm mesh) hot- 
glued to the PVC. Four cages were positioned in each of the four unvegetated 
habitats, and six tiles (pre-conditioned in each respective habitat for 50 days) were 
placed inside each cage. Elimia semicarinata were then placed inside two of the 
cages at ambient densities (e.g., 102 snails/tile in LESU, 4 snails/tile in LOSU, 4 
snails/tile in LESH, and 5 snails/tile LOSH) with the other two cages left empty as 
ungrazed controls. The experiments were continued for ten days, and the outsides of 
the cages were cleaned daily to remove debris. Current velocities were measured in 
each habitat. Two separate five cm2 periphyton scrapings were again collected from 
each tile, and periphyton biomass (A.F.D.W.) and chlorophyll a were estimated.
To determine if periphyton A.F.D.W. or chlorophyll a concentrations differed 
among habitats, or with grazer exclusion, a three-way ANOVA was performed (four
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habitats x grazer treatment x among cage difference). Again, A.F.D.W. data were 
square root transformed and chlorophyll a data were log* transformed to meet 
normality assumptions. Finally, current velocity data (inside and outside experimental 
cages versus among habitats) were analyzed with a two-way ANOVA.
RESULTS
Establishing the Population Trends
The sampling data, collected at several dates, show that snail densities and 
sizes were consistently significantly different among habitats (Table 4.1).
Specifically, £ . semicarinata were larger in the unvegetated habitats than in the 
vegetated habitats (Fig. 4.3), and were always larger on average than animals in the 
lentic unvegetated habitats (Fig. 4.5). Densities of E. semicarinata were greatest 
inside vegetation beds (Fig. 4.3), and were greatest at lentic sunny habitats among the 
unvegetated sites (Fig. 4.5). However, densities inside the Myriophvllum and 
Mvosotis beds were usually twice as large as even lentic, sunny unvegetated densities.
In spring 1991, the mean widths of E. semicarinata in lentic and lotic 
vegetated beds were similar, but sizes of snails were significantly different among the 
two unvegetated habitats, with the smaller snails in the higher velocity habitat (Fig.
4.3 and Table 4.1). Current velocity appeared to have no effect on grazer density, 
regardless of the amount of vegetation cover (Fig. 4.3) although current velocity still 
varied significantly among habitats (Table 4.2).
The November 1991 data, taken immediately after the reproductive season, 
suggest greater recruitment of juveniles into lotic vegetated and both lentic habitats
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Table 4.1. Results of one-way ANOVAs on shell width and densities of Elimia 
semicarinata in several sets of samples, Doe Run Creek, Meade County, Kentucky. 
Habitat acronyms are LOV =  lotic vegetated; LEV =  lentic vegetated; LOUV = 
lotic unvegetated; LEUV =  lentic unvegetated; LOSU =  lotic, sunny, unvegetated; 
LESU =  lentic, sunny, unvegetated; LOSH =  lotic, shaded, unvegetated; and LESH 
=  lentic, shaded, unvegetated. See Fig. 4.3 and 4.5 for specific trends in the 
response variables among these microhabitats. Sources of variation, degrees of 
freedom (df) and mean squares (MS) are not given in this table to save space, but are 
given for the experimental results (Tables 4.4-4.9).
DalS Habitats Sampled Trait F - Value £
3/91 LOV LEV Size 134.8 0.0001
LOUV LEUV Density 15.1 0.0001
5/92 LOUV LEUV Size 13.9 0.0003
Density 1.2 0.68
8/93 LOSU LESU Size 50.8 0.0001
LOSH LESH Density 14.6 0.0001
11/93 LOV LEV LOSU Size 206.3 0.0001
LESU LOSH LESH Density 17.4 0.0001
2/94 LOV LEV LOSU Size 33.1 0.0001
LESU LOSH LOSU Density 17.2 0.0001
8/94 LOSU LESU Size 155.7 0.0001
LOSH LESH Density 37.0 0.0001
11/94 LOSU LESU Size 14.4 0.0001
LOSH LESH Density 101.5 0.0001
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Table 4.2. Results of one-way ANOVAs on current velocity measurements (cm s'1), 
recorded concurrently with Elirnia semicarinata background sampling data, Doe Run 
Creek. Habitat acronyms are LOV =  lotic vegetated; LEV = lentic vegetated; 
LOUV = lotic unvegetated; LEUV =  lentic unvegetated; LOSU = lotic, sunny, 
unvegetated; LESU -  lentic, sunny, unvegetated; LOSH =  lotic, shaded, 
unvegetated; and LESH =  lentic, shaded, unvegetated. Only F values are given in 
this table to save space (see legend of Table 4.1).
Dais Habitats Sampled F - Value £
3/92 LOV LEV
LOUV LEUV 92.5 0.0001
11/92 LOV LEV
LOUV LEUV 85.1 0.0001
5/92 LOUV LEUV 122.7 0.0001
8/93 LOSU LESU
LOSH LESH 155.3 0.0001
11/93 LOV LEV LOSU
LESU LOSU LESH 36.8 0.0001
2/94 LOV LEV LOSU
LESU LOSH LESH 22.8 0.0001
8/94 LOSU LESU
LOSH LESH 64.4 0.0001
11/94 LOSU LESU 
LOSH LESH 78.6 0.0001
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Figure 4.3. Mean densities (top) and shell width (bottom) (±  S.E.) of Elirnia 
semicarinata in four different habitats (n =  6 samples), during March 1991 at Doe 
Run Creek. Dissimilar letters above S.E. bar indicate significant differences among 
means in Tukey’s studentized range tests (P =  0.05).
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Figure 4.4. Elirnia semicarinata population size distributions in lentic (top) and lotic 
(bottom) habitats (n =  6 samples), during November 1991 at Doe Run Creek.
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Figure 4.5. Mean densities (top) and shell width (bottom) (±  S.E.) o f Elimia 
semicarinata in four unvegetated habitats (n =  6 samples), at Doe Run Creek. 
Dissimilar letters above S.E. bars indicate significant differences among means in 
Tukey’s studentized range tests (P =  0.05).
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than into the lotic unvegetated site (Fig. 4.4). The bimodal or polymodal distributions 
from these habitats precluded analysis of variance, but did suggest these animals have 
a life-span of several years (see also Mancini, 1978, Richardson, Scheiring, and 
Brown 1983, and Huryn, Kobel, and Benke 1994).
Similarly, differences among data from the unvegetated habitats were 
remarkably consistent over time. Densities were significantly greater in the lentic 
sunny (LESU) habitat, and snail sizes were significantly larger in the lentic shaded 
(LESH) habitat, intermediate at the lentic sunny site, and smallest at the lotic sites 
(Table 4.1, see also the aposteriori ranges in Fig. 4.5).
The data for Elirnia taitiana in Little Cedar Creek indicated that the 
microhabitat mediated relationships observed in Doe Run Creek were not an isolated 
phenomenon. Elirnia taitiana was also significantly smaller in the lotic habitat, even 
though densities were not different (Table 4.3, Fig. 4.6). This system is a smaller, 
high-gradient stream with current velocities even greater than those observed in Doe 
Run Creek.
Colonization Experiment
Elirnia semicarinata colonized experimental tiles at a rapid rate, resulting in 
densities approaching ambient densities within six hours, irrespective of the habitat 
(Fig. 4.7). The significant habitat effect (Table 4.4) is because of the increased 
colonization caused by the higher ambient densities in the LESU habitat, and the 
significant habitat x time interaction also indicates more rapid colonization because of 
the large snail densities in this habitat. Averaged over all sampling times, grazer
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Table 4.3. Results of one-way ANOVAs on Elirnia taitiana shell width, density, and 
current velocity from Little Cedar Creek, Conecuh County, Alabama. Habitat 
acronyms are LOSH =  lotic, shaded, unvegetated and LESH =  lentic, shaded, 
unvegetated. Refer to Fig. 4.6 for specific trends in the traits.
Habitats Sampled Trait F - Value E
LOSH LESH Size 13.7 0.0003
Density 1.5 0.25
Current Velocity 240.3 0.0001
LESH LOSH
Habitat
Figure 4.6. Mean densities (top) and shell widths (bottom) (±  S.E.) of Elirnia 
taitiana in two unvegetated habitats (n = 6 samples), in June 1994, at Little Cedar 
Creek, Conecuh County, Alabama. Dissimilar letters above S.E. bars indicate 
significant differences among means in Tukey’s studentized range tests (P =  0.05), 
calculated following a one-way ANOVAs contrasting each of the two treatments (n 
4) independently.
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Table 4.4. Two-way ANOVA results for Elimia semicarinata colonization 
experiments performed in August 1993 at Doe Run Creek.
Variable
Snail
Density
Source of 
Variation 
Treatment 
Habitat 
Time
Habitat x Time 
Error
<Lf
119
3
4 
12 
100
MS
239.6 
7077.3
342.7 
172.1 
38.5
E
0.0001
0.0001
0.0001
Snail Treatment 106 .5
Size Habitat 3 7.7 0.0001
Time 4 .8 0.02
Habitat x Time 12 .7 0.005
Error 87 .2
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Figure 4.7. Colonization curves (mean ±  S.E. at each time interval, n =  6) of 
Elirnia semicarinata in four unvegetated habitats, during August 1993 at Doe Run 
Creek.
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densities on the experimental tiles were somewhat higher than ambient densities (Fig. 
4.8). Size differences within habitats were more stable through time, and reflected 
differences shown in earlier data sets: smaller size in lotic areas (Table 4.4, Fig. 4.8). 
Periphyton biomass levels also differed greatly among treatments (Fig. 4.9, Table 
4.5). Periphyton biomass was generally greater in the lentic habitats, and the same 
was true in most cases for chlorophyll a concentrations as well. However, the two- 
way ANOVAs suggested time related differences for the A.F.D.W. data only.
Current velocity and incident light levels were also markedly different among 
the microhabitats (Table 4.6). Incident light levels (mean ±  S.E.) were, respectively, 
LOSH =  49.08 ±  3.08 n mol m2 s’1; LOSU =  879.25 ±  115.86; LESH =  18.51 ±  
1.86; LESU = 1,406.75 ±  51.13. Light levels were also highly variable within each 
site, for each sampling period (representing weather and time of day effects), and the 
reported values were therefore the largest recorded at each habitat, on a single date, 
for each sampling period (n = 5). Overall, lotic mean velocities (57 cm s'1 in LOSH 
and 55 cm s*1 in LOSU habitats) were virtually identical, and varied less than the 11 
cm s*1 and 2 cm s'1 observed in the LESH and LESU habitats, respectively. Current 
velocity exhibited significant variation over time as well (Table 4.6).
Since unvegetated habitats were located within 70 m stream distance of one 
another, water-chemistry variables for each habitat were nearly identical across 
habitats and time, resulting in a lack of significant differences (data are therefore not 
presented). This was expected since Doe Run Creek is a spring-fed system with little 
variation in water quality at any single site (Minckley 1963, Johnson et al. 1994).
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Figure 4.8. Mean densities (top) and shell widths (bottom) (±  S.E.) of Elirnia 
semicarinata in four unvegetated habitats, contrasting experimental values averaged 
over all times (n =  30) against ambient levels (n =  6) during August 1993 at Doe 
Run Creek. Dissimilar letters above S.E. bars indicate significant differences among 
means in Tukey’s studentized range tests (P =  0.05).
Table 4.5. ANOVA results on chlorophyll a concentration and periphyton A.F.D.W. 
for the Elirnia semicarinata colonization experiment, completed in August 1993 at 
Doe Run Creek.
Variable 
Chlorophyll a 
Concentration 
mg 5 cm2
A.F.D.W.
mg 5 cm2
Source of
Variation df MS
Treatment 59 .32
Habitat 3 1.77
Time 4 .23
Habitat x Time 12 .29
Error 40 .23
Treatment 59 .0017
Habitat 3 .0102
Time 4 .0041
Habitat x Time 12 .0014
Error 40 .0010
E
0.0004
0.41
0.27
0.0001
0.006
0.17
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Figure 4.9. Mean chlorophyll a  concentrations and periphyton A.F.D.W. values 
(mean ±  S.E. at each time interval) on experimental tiles (n = 6) in four unvegetated 
habitats in the colonization experiment completed in August 1993 at Doe Run Creek.
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Table 4.6. ANOVA results on current velocity and incident light levels for the 
Elirnia semicarinata colonization experiment, completed in August 1993 at Doe Run 
Creek.
Variable Variation df MS
Current Velocity Treatment 119 .076
m s*1 Habitat 3 2.501
Time 4 .058
Habitat x Time 12 .030
Error 100 .009
Incident Light Treatment 47 394,851
fx mol m2 s'1 Habitat 3 5,479,755
Error 44 48,153
0.0001
0.0002
0.0006
0.0001
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Current-Refuge Experiment
Elirnia semicarinata densities increased behind the baffles in only the lotic 
habitats (Fig. 4.10). The higher ambient densities in the lentic sunny habitat probably 
explain the significance of the habitat main effect (Table 4.7), and the significant 
refuge x habitat interaction again underlines that the response occurred only in the 
higher-flow treatments. Snail-size differences were not as clear, but did show a trend 
for increased size behind the refuge in lotic habitats (Fig. 4.10). The significant 
habitat x refuge interaction again underlines that the size difference was greater in 
lotic habitats (Table 4.7). Finally, current velocities (Fig. 4.10) were significantly 
higher in lotic areas, and were reduced behind the flow refuges in the lotic, but not 
the lentic habitats, as judged both by the significant refuge effect and habitat x refuge 
interaction (Table 4.7). These significant effects on snail density and size occurred 
even though there were no significant differences in chlorophyll a concentration 
among treatments (Table 4.8). There was, however, a trend for increased periphyton 
biomass at lentic sites (Fig. 4.11), similar to differences seen in earlier experiments. 
Grazer-Manipulation
Chlorophyll a concentrations exhibited little divergence across habitats, and 
no grazer, cage replicate, nor any interaction effect was found (Table 4.9). However, 
chlorophyll a concentrations were somewhat higher in the sunny habitats (Fig. 4.12).
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Table 4.7. Results of two-way ANOVAs on the size and density of Elimia
semicarinata. and current velocity values, from the flow refuge experiment, completed
in November 1994 at Doe Run Creek.
Variable
Snail
Density m2
Variation df
Treatment 47
Habitat 3
Refuge 1
Habitat x Refuge 3
Error 40
MS
84.3
872.7
140.7 
127.6 
21.5
0.0001
0.014
0.002
Snail Treatment 468 2.2
Size Habitat 3 60.9 0.0001
Refuge 1 7.1 0.045
Habitat x Refuge 3 5.5 0.025
Error 461 2.2
Current Velocity Treatment 47 .085
m s'1 Habitat 3 .549 0.0001
Refuge 1 1.113 0.0001
Habitat x Refuge 3 .374 0.0001
Error 40 .003
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Figure 4.10. Mean densities (top), shell widths (middle), and current velocities 
(bottom) (±  S.E.) on experimental tiles (n =  6) behind (refuge) and beside 
(exposure) flow baffles, at four unvegetated habitats in November 1994 at Doe Run 
Creek. Dissimilar letters above S.E. bars indicate significant differences among 
means in Tukey’s studentized range tests (P =  0.05), calculated following a one-way 
ANOVA contrasting treatments (n = 8).
112
Table 4.8. Results of two-way ANOVAs on chlorophyll a concentrations and
periphyton A.F.D.W. for the Elirnia semicarinata flow refuge experiment, completed
in November 1994 at Doe Run Creek.
Variable 
Chlorophyll a 
Concentration 
mg 5 cm2
Source of
Variation df
Treatment 47
Habitat 3
Refuge 1
Habitat x Refuge 3 
Error 40
MS
.19
.29
.04
.10
.19
0.23
0.63
0.66
A.F.D.W. Treatment 47 .0002
mg 5 cm2 Habitat 3 .0008 0.004
Refuge 1 .0003 0.13
Habitat x Refuge 3 .0004 0.06
Error 40 .0002
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Figure 4.11. Mean chlorophyll a  concentrations and periphyton A.F.D.W. values 
(mean ±  S.E. at each treatment) on experimental tiles (n =  6) beside (exposed) and 
behind (refuge) flow baffles in four unvegetated habitats, in an experiment conducted 
in November 1994 at Doe Run Creek. Dissimilar letters above S.E. bars indicate 
significant differences among means in Tukey’s studentized range tests (P =  0.05) 
calculated following a one-way ANOVA contrasting treatments (n =  8).
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Table 4.9. Results of three-way ANOVAs on chlorophyll & concentration and
periphyton A.F.D.W., for the Elimia semicarinata grazer-manipulation experiment,
completed in November 1994 at Doe Run Creek.
Variable
Source of 
Variation df MS E
Chlorophyll & Treatment 95 .0014
Concentration Habitat 3 .0018 0.13
mg 5 cm2 Grazer 1 .0001 0.77
Replicate 1 .0021 0.13
Habitat x Grazer 3 .0013 0.26
Grazer x Replicate 1 .0002 0.65
Habitat x Grazer x Replicate 3 .0016 0.17
Error 80 .0009
A.F.D.W. Treatment 95 .396
mg 5 cm2 Habitat 3 1.566 0.007
Grazer 1 .006 0.90
Replicate 1 .818 0.14
Habitat x Grazer 3 .308 0.47
Grazer x Replicate 1 .650 0.18
Habitat x Grazer x Replicate 3 .251 0.56
Error 80 .364
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Figure 4.12. Mean chlorophyll a concentrations and periphyton A.F.D.W. values 
(mean ±  S.E.) on experimental tiles (n =  12) for control and grazer exposed tiles, in 
four unvegetated habitats, in an experiment conducted in November 1994 at Doe Run 
Creek. Dissimilar letters above S.E. bars indicate significant differences among 
means in Tukey’s studentized range tests (P = 0.05) calculated following a one-way 
ANOVA contrasting treatments (n = 8).
116
Periphyton A.F.D.W. did differ among habitats, but there was no effect of grazing or 
of cage replicates, nor any combination of treatments (Table 4.9). In summary,
Elimia semicarinata. at ambient densities, were unable to significantly reduce 
periphyton abundance in any of the habitats.
DISSCUSION
Elimia semicarinata were reduced in size in lotic habitats, and had increased 
densities and smaller sizes as well in macrophyte beds or in sunny habitats. While 
DeNicola and Mclntire (1991) have shown similar effects in the pleurocerid Juga 
silicula in laboratory streams, this is the first study to document flow- and density- 
mediated effects on both density and size structure in the field. In comparison,
Durrant (1975) concluded that current velocity had no effect on the shell morphology 
of the British pulmonate limpet Ancvlus fluviatilis. considering that the small sizes of 
these animals allowed them to use the boundary layer. However, Moore (1964) 
found that medium-sized pulmonates (Stagnicola sp. and Phvsella sp.) were more 
easily dislodged from various substrata in a laboratory flume than larger qt smaller 
animals. Similarly, Lam and Calow (1989) considered that larger individuals of the 
riverine pulmonate Lymnaea peregra had higher mortality rates because of increased 
current. Dussart (1987) pointed out the important role that shell streamlining and 
adhesive tenacity play in resistance to dislodgment in freshwater snails. Species like 
Physella. with a bulbous shell and a weak foot, are much easier to dislodge than 
prosobranch snails like Elimia.
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Increased abundance inside vegetation beds was expected (see review in Brown 
and Lodge 1993), and E. semicarinata densities also seemed positively related to 
macrophyte leaf morphology (e.g. Elimia semicarinata abundances were generally 
higher in Mvriophvllum beds than in Mvosotis beds, as expected because 
Myriophvllum has a greater surface area) (Kershner and Lodge 1990). For lentic 
habitats, reduced size occurred consistently in the sunny habitat, and is probably a 
density-dependent effect since densities were again high in this habitat. The mean 
size of E- semicarinata may thus be inversely related to snail density. However, 
density effects in unvegetated habitats generally did not supersede greater effects 
imposed by current velocity.
However an alternative hypothesis was that the smaller snail sizes in vegetated 
areas were the result of a predation refuge. Size-selective predation, for example, has 
been shown to remove smaller snails in pulmonate populations (Crowl and Covich 
1990). However, several studies at Doe Run Creek have shown that predation on E. 
semicarinata is rare. The crayfish Cambarus tenebrosus and the banded sculpin 
Cottus carolinae are the most common predators in Doe Run, but detailed studies of 
their diet indicate they do not feed extensively upon E- semicarinata (Minckley 1963, 
Prins 1964, and Craddock 1965). Also, fish predators, even specialists on 
gastropods, find it difficult to deal with the relatively thick shell of Elimia (Stein et 
al. 1984). With such large densities of E. semicarinata. especially in lentic, sunny or 
in vegetated microhabitats, encounters with potential predators must be extremely 
high, and actual predation thus appears disproportionately rare.
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Another possible cause for reduced sizes in lotic habitats could be the variation 
in periphyton abundance. As mentioned earlier, periphyton biomass and composition 
are known to respond to different current environments (Steinman and Mclntire 1986, 
Denicola and McIntyre 1991). For example, Poff et al. (1990) found that periphyton 
biomass decreased by 30 - 40 % in areas of higher flow, and that changes in 
community structure also occurred, mostly a reduction in filamentous and an increase 
in adnate forms. As might therefore be expected, I observed depressed periphyton 
biomass in lotic areas. However, grazer exclusion did not substantially alter 
periphyton levels within any given habitat. Although the exclusion experiment was 
conducted in November, the nearly isothermal conditions at Doe Run throughout the 
year (Johnson et al. 1994) and the loss of the riparian canopy in the Fall would tend 
to overide seasonal effects, and so I assume periphyton could still respond to reduced 
grazing.
Periphyton food is not only more abundant, but also may be of better quality 
(e.g. , lower C:N ratios) in low flow areas. These prosobranch grazers can respond to 
differences in food quality. McCormick and Stevenson (1989) have, for example, 
shown that Elimia currevana prefers canopy periphyton over adnate species, and that 
grazing stimulates algal production. This preference for filamentous species occurs 
because the grazing efficiency of Elimia spp. is lower than for several pulmonate 
species, a result of radular morphology (Bamese et al. 1990). McMahon et al.
(1974) and Hunter (1976) have also reported that nitrogen rich aufwuchs (which have 
high bacterial and detritus levels) are favored by prosobranch gastropods.
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The results indicate that grazers in lotic habitats with cobble or boulder 
substrata may be able to use these microhabitats as refugia from high current 
velocities. Wetmore, Mackay, and Newberg (1990) pointed out that shallow riffles 
had very irregular flow patterns and unpredictable boundary layers, and offered such 
refuges as well. These refugia could also be important because increased current 
velocities are known to elevate the metabolic rates of snails, resulting in decreased 
foraging activity and or growth (Hutchinson 1947, Brown and Quinn 1988). During 
colonization and refuge experiments, I often observed E. semicarinata attached to 
flow refugia on the backside of tiles. E. semicarinata can cover rather large distances 
(up to xh  m h'1) even in moderate flows (20 cm s'1, P. Johnson unpub. data), allowing 
them to avoid high current environments, although this behavior does limit their 
foraging to refuge areas.
In conclusion, Elimia semicarinata populations exposed to wide ranges of flow 
and shading should not be thought of as a single homogeneous population. This study 
indicates that light level and population density alters pleurocerid population structure, 
and that current velocity appears to be an important factor as well. Current velocity 
may affect these populations directly by increasing bioenergetic costs of movement, 
and thus altering grazing behavior and habitat selection, or indirectly by reducing the 
abundance or quality of available food resources. Studies that seek to evaluate the 
impact of pleurocerid grazers on stream algal resources should thus focus in the future 
on possible bioenergetic limitations on grazers in different flow regimes.
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Summary
The hypothesis that snail populations do not differ in size or density among 
habitats was rejected. Snails were more dense within macrophyte beds, and their 
smaller size could be the result of density dependence. However, snails were also 
smaller in lotic unvegetated habitats than in lentic, unvegetated habitats in the first 
sampling set, and were also smallest in the samples of unvegetated microhabitats.
The two species of pleurocerid (Elimia semicarinata and Elimia taitianal thus 
consistently had reduced average size in lotic habitats. For g . semicarinata at Doe 
Run Creek, my data suggest recruitment may also be reduced in lotic areas, and 
recruitment of smaller snails thus cannot explain the smaller size in lotic habitats. 
Snails were also larger in the lentic shaded habitats, over all 5 time intervals. This is 
the first study to demonstrate that populations of Elimia spp. differ in size structure 
among several microhabitats.
The second null hypothesis, that Elimia semicarinata was not limited in its 
ability to move within all microhabitats, was not rejected. The colonization 
experiment demonstrated that snail colonization peaked in all habitats within 12 h. 
Additionally, periphyton biomass was always lower in the lotic habitat in this 
experiment, supporting previous data (Poff et a l  1990).
The third hypothesis, that Elimia semicarinata was unable to utilize flow 
refuges within specific microhabitats, was rejected. Both average snail size and 
densities were increased behind the flow refugia, but only in the lotic habitats. This 
result demonstrates that snails can select a flow refuge when needed.
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The final hypothesis, that snail grazers could not significantly limit algal 
resources within each microhabitat, was not rejected. Although conducted late in the 
field season, the grazer-manipulation experiment still suggests that periphyton biomass 
was not limited by E. semicarinata within any microhabitat.
In conclusion, this study demonstrates that abiotic factors such as light levels 
and current velocity are important to the population ecology of pleurocerid 
gastropods. However, by demonstrating these stream grazers (1) have the ability to 
move between microhabitats, and (2) preferentially select current refuges, I have 
demonstrated that the snails themselves can mediate the effects of abiotic factors like 
current velocity.
CHAPTER V 
CONCLUSIONS
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CONCLUSIONS
This study indicates that ecological factors are important in shaping freshwater 
molluscan population ecology in stream ecosystems, and that even populations within 
a single drainage can be heterogenous. The ecological factors include habitat 
stability, substratum type, calcium availability, water depth, and current velocity. 
Collectively these factors affect population parameters like density and size 
distributions. These two very different mollusc species, from vastly different 
habitats, therefore have some common factors in their ecology, although the specific 
effect of habitat variables appears to depend on the life history of each species.
First, habitat stability was quite important to Margaritifera hembeli. Such 
habitat characters as larger substrate size and greater compaction were important in 
predicting mussel abundance, probably because these habitat variables were associated 
with resistance to channel modification, which could result in mussels being stranded 
above water level. Having suitable levels of calcium for shell growth also appears 
important. The long lifespan and relatively low dispersal powers of Margaritifera 
hembeli thus make it extremely susceptible to long-term disturbance events such as 
channel modification, or disturbances that interfere with reproduction, for example, 
by impacting the fish host assemblages. Elimia semicarinata. with its shorter life 
cycle but greater vagility, is more sensitive to shorter-term changes in current 
velocity, vegetative cover, and food availability. Specifically, my sampling and 
experimental results suggest that densities can reach high enough levels in macrophyte 
beds to retard growth, but that current velocity in unvegetated habitats can reduce
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growth as well. My experiments suggest that the reduced size could also, however, 
be partially explained by selection of flow refugia by larger snails. Alternately, the 
reduced periphyton biomasses in lotic areas could also lower gastropod growth, 
although the snails themselves do not appear to reduce periphyton biomass inside 
unvegetated habitats.
Substratum type was important to both species, with each having an affinity 
for larger substratum sizes. Although boulder substratum does not occur in central 
Louisiana streams, M* hembeli does occur frequently in patches of cobble that 
sporadically occur in these predominately sand-bottomed systems. Similarly, Elimia 
semicarinata also prefers boulder-cobble substratum.
Even though these molluscs occur in vastly different stream habitats, this study 
indicated several of the same habitat variables were important for both species. There 
are however, some fundamental differences. Doe Run Creek, because of its 
carbonate-charged springs, is an extremely productive stream system with enormous 
abundances and diversity of benthic macroinvertebrates (Johnson et al. 1994). This is 
in sharp contrast to the low invertebrate production associated with many of the 
central Louisiana stream systems (C. F. Bryan, pers. comm.). Margaritiferid 
bivalves are characteristically found in systems with low productivity, where they 
evidentally outcompete other species (Bauer 1987). Elimia spp., in contrast, nearly 
always occur with other grazing invertebrates, across a range of drainage sizes, but 
prefer hard-water streams with limestone substrata. However, the snails still show 
considerable variation in population characteristics among individual stream sites in a
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specific drainage (see also Mancini 1978). Another fundamental difference between 
the two species may be in the role of habitat selection behavior. Margaritifera is 
passively dispersed by fish, and has relatively limited dispersal powers as an adult. 
Initial settlement on the proper substratum, etc., may therefore be extremely 
important for the survival of the mussel, perhaps explaining why I saw fairly clear 
associations between mussels and physical habitat parameters. Alternatively, while 
physical factors like current velocity and biotic factors like food availability are 
certainly important for Elimia. the snails can readily move between habitats and select 
specific habitats (e.g., flow refugia). The habitat-specific differences in the 
populations of gastropods, therefore, are at least partially mediated by the habitat- 
selection behavior of the snails themselves.
Conservation plans for bivalves and gastropods should account for the 
heterogenous nature of molluscan populations found in this study to occur, even in 
smaller drainages. Variation among populations not only occurs across different 
streams in a single drainage; it can also be common among microhabitats within a 
single stream. As this study therefore demonstrates, the evaluation of the status of 
lotic molluscan populations should be careful to assess differences in population size 
and recruitment not only across drainages, but also those among microhabitats at a 
specific site. Management plans that do not reflect an understanding of these specific 
microhabitat requirements will probably result in failure to maintain suitable 
population sizes. For Margaritifera hembeli. these requirements would include sites
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with large substratum particle size, compact substrata, and long-term stability. For 
Elimia semicarinata, micro-habitat factors like refugia from flow and sufficient 
periphyton availability are most important.
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